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PREFACE. 



Ik the Pre&ce to the former edition of the 
Principles of Geology," I gave a brief account 
of the progress of the work up to the publication 
of the Third Volume in 1833. This account I 
shall now repeat with some omissions, and with 
ihe addition of such information as I think wilt be 
Qseful to the reader respecting the latest alter- 
BtioDS made in the work. 

The original MS. of the " Principles of Geo- 
\og^" was delivered to the publisher at the close 
of the year 1827, when it was proposed that it 
Aould appear in the course of the year following, 
in two volumes octavo. Many causes concurred 
lo delay the completion of the work, and con- 
siderably to modify the original plan. In May, 
1828, when the preliminary chapters on the His- 
tory of Geologj', and some others which follow 
them in the first volume, were nearly finished, 
I became anxious to visit several parts of the 
Continent, in order to acquire more information 
concerning the tertiary formations. Accordingly, 



I set out in May, 1828, in company with Mr.' 
Miirchison, on a tour through France and the 
north of Italy, where we examined together many 
districts which are particularly described in this 
work. We visited Auvergne, Velay, Cantal, and 
the Vivarais, and afterwards the environs of Aix, 
in Provence, and then passed by the Maritime 
Alps to Savona, thence crossing to Piedmont by 
the Valley of the Bormida. 

At Turin we found Signer BoneUi engaged in 
the arrangement of a large collection of tertiary 
shells obtained chiefiy from the Italian strata; 
and as I had already conceived the idea of classing 
the different tertiary groups, by reference to the 
proportional number of recent species found fos- 
sil in each, I was at pains to learn what number 
Signor Bonelli had identified with living species, 
and the degree of precision with which such iden- 
tifications could be made. With a view of illus- 
trating this point, he showed us suites of shells 
common to the Subapennine beds and of the Medi- 
terranean, pointing out that, in some instances, not 
only the ordinary type of the species, but even 
the diiferent varieties had their counterparts both 
in the fossil and recent series. The same natural- 
ist informed us that the fossil shells of the hill 
of the Superga, at Turin, differed as a group from 
those of Parma and other localities of the Sub- 




ine beds of northern Italy; and, on 
other hand, that the characteristic shells of the 
Snperga agreed wiih the species found at Bor- 
deaux and other parts of the South of France. 

I was the more struck with this remark, as 
Mr. Murchison and myself liad already inferred 
,tiiat the bighly-inclioed strata of the Valley of the 
i£onnida, which agree with those of the Superga, 
were older than the more horizontal Subapennine 
marls, by which the plains of the Tanaro and the 
Po are skirted. 

When we had explored some parts of the Vi- 
GOitine together, Mr. Murchison re-crossed the 
Alps, while 1 directed ray course to the south of 
Italy, first slaying at Parma, where I studied, in 
the cabinets of Signor Guidotti, a beautiful col- 
lection of Italian tertiary shells, many of which 
had been identified with living testacea. Signor 
Gaidotti had not examined his fossils with refer- 
ence to their bearing on geological questions, but 
computed, on a loose estimate, that there were 
sbout SO per cent, of living species in the Subapen- 
nine beds. I then visited Florence, Sienna, and 
Home, continuing my inquiries respecting the 
tertiary strata as exhibited in those territories. 

On my arrival at Naples I became acquainted 
»ith Signor O. G. Costa, who had examined the 
fossil shells of Otranto and Calabria, and had 



collected many recent testacea from the : 
rounding the Calabrian coasts. His comparison 
of the fossil and living species had led him to a 
very different result in regard to the southern 
extremity of Italy, from that to which Signers 
Guidotti and Bonelh had arrived in regard to the 
north; for he was of opinion that few of the ter- 
tiary shells were of extinct species. In confirm- 
ation of this view, he showed me a suite of fossil 
shells from the territory of Otranto, in which 
nearly ail the species were recent, 

In October, 1828, I examined Iscliia, and ob- 
tained from the strata of that island the fossil 
I shells named in Appendix II. Vol. III., p. 57. of 
I the first edition. They were all, with two or 
three exceptions, recognized by Signer Costa as 
species now inhabiting the Mediterranean ; a cir- 
cumstance which greatly astonished me, as I pro- 
cured some of them at the height of two thousand 
feet above the level of the sea (Vol. III. p. 390.). 
Early in November, 1828, I crossed from Na- 
ples to Messina, and immediately afterwards ex- 
amined Etna, and collected on the flanks of that 
mountain, near Trezza, the fossil shells alluded 
to in the third volume (p. 335., and Appendix II., 
p. 53., first edition). The occurrence of shells 
in this locality was not unknown to the naturalists 
of Catania; but, having been recognized by them 
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MS recent species, they were supposed to have 
been carried up from the aea-shore to fertilize 
the soil, and therefore disregarded. Their posi- 
^n is well known to many of the peasants of the 
country, by whom the fossils are called " roba di 
diluvio." 

In the course of my tour, I had been frequently 
led to reflect on the precept of Descartes, that 
"aphilosopher should once in his life doubt every 
tiling he had been taught; " but I still retained so 
much failh in my early geological creed as to 
feel the most lively surprise, on visiting Sortino, 
Pentalica, Syracuse, and other parts of the Val 
idi Xoto, at beholding a limestone of enormous 
thickness filled with recent shells, or sometimes 
with the mere casts of shells, resting on marl in 
which shells of Mediterranean species were im- 
bedded in a high state of preservation. (See 
Book IV. Chap. VI.) All idea of attaching a high 
antiquity to a regularly stratified limestone, in 
which the costs and impressions of shells alone 
were discernible, vanished at once from my mind. 
At the same time I was struck with the identity 

if the associated igneous rocks of the Val di Nolo 
with well-known varieties of " trap " in Scotland 

iiid other parts of Europe; varieties which I had 
slso seen entering largely into the structure of 
£tna. I occasionally amused myself with spe- 



culating on the different rate of progress which: ^ 
Geology might have made, had it been first cul- 
tivated with success at Catania, where the phi 
nomena above alluded to, the great elevatio 
of the modern tertiary beds in the Val di Not( 
and the changes produced in the historical era Ir 
the Calabrian earthquakes, would have been i 
miliarly known. 

From Cape Passaro I passed on by Space 
fomo and Licata to Girgenti, where I abandoni 
my design of exploring the western part 
Sicily, that I might return again to the Val 
Noto and the neighbourhood of Etna, and verif 
the discoveries which I had made. With tl 
view, I travelled by Caltanisetta, Piazza, Caltag] 
rone, Vizzinl, Militello, Palagonia, Lago Naftu 
and Radusa, to Castrogiovanni, and from thenC 
to Palermo, at which last place I procured th 
shells named in Appendix 11., p, 53., &n 
edition. The sections on this new route coa 
firmed me in my first opinions respecting the V| 
di Noto." 

When 1 again reached Naples, in Januarjl 
1829, I found that Signer O. G. Costa hi 
examined the tertiary fossils which I had sent 
him from different parts of Sicily, and declart 
them to be for the most part of recent species. 

• See the fllh, 8lh, and 9tli chaplers of Book IV. 



then bent roy course homeward, seeing, nt Genoa, 
Professor Viviani and Dr. Sasso, the last of whom 
Iput into my hands his memoirs on the strata of 
j^lbenga (see Vol. IV. p. 16,), in which I founil 
'that, according to his list of shells, the tertiary 
£>rmations at the foot of the maritime Alps con- 
tained about 50 per cent, of recent species. 

I next re-visited Turin, and communicated to 
Signor Bonelli the result of my inquiries respect- 
ing the tertiary beds of the south of Italy, and of 
'Sicily, upon which he kindly offered to review 
}iis fossils, some of which had been obtained from 
those countries, and to compare them with the 
]^ubapennine shells of northern Italy. He also 
promised to draw up immediately a list of the 
thells characteristic of the tertiary green-sand of 
tfie Supergo, and common to that locality and 
Bordeaux, that I might publish it at the end of 
my second volume ; but the death of this amiable 
tad zealous naturalist soon afterwards deprived 
me of the benefit of his assistance. 

I had now fully decided on attempting to esta- 
blish four subdivisions of the great tertiary epoch, 
die same which are fully illustrated in the 
jent work. I considered the basin of Paris 
ind London to be the type of the first division; 
" e beds of the Superga, of the second j the Sub- 
iipennine strata of northern Italy, of the third ; 



Aix in Provence. * In consequence of this and 
other delays, my first volume was not completed 
when another summer arrived, and I again took 
the field to examine " the Crag," on the coasts 
of Essex, Norfolk, and Suffolk. The volume 
at length appeared in January, 1830, after which 
I applied myself to the revision of what I had 
written on " the changes in the organic world;" 
a subject which merely occupied four or five chap- 
ters in my original sketch, but which was soon 
expanded into a small treatise. While thus oc- 
cupied, anothei' summer overtook me, and I set 
out on a geological expedition to the south of 
Prance, the Pyrenees, and Catalonia, 

On my return to Paris, in September, 18S0, I 
studied for six weeks in the museum of M. Des- 
hayes, examining his collection of fossil and recent 
ahells, and profiting by his instructions in con- 
lihology. As he had not yet published any of 
the general results deducible from his valuable 
collection, I requested him to furnish me with 
lists of those species of shells which were common 

■ These papers were sU read before the Geolc^cal Sode^ of 
Xondan, and were as follows ;_ On Uic Eicavslioa of VaUe;B, u 
iUustrated by ihe Volcanic Rocks of Central France. Edin. New 
Phil. Joum., Jul;, 1829. — Sue Ics Depots Lacust. Teitiairea 
du Cantal, iiec les Roches PrEmordiales et Volcaniques. Ann. 
ies Sd. NbL., Oct. 1S29. — On tbe Tertiary Freshwater Formk- 
tiona of Ail in Provence. Etlin. New PbiL Joum., Oct. 1S29. 



to two or more tertiary periods, as nl^o tbe na 
of those known to occui' both in some tertiary 
Strata and in a living state. This he engaged to 
do, and we agreed that the information should 
be communicated in a tabulai' form. After several 
modifications of the plan first proposed for the 
Tables, we finally agreed upon tbe raannej 
which they should be constructed, and llie exe- 
cution was left entirely in the hands of M. Des- 
hayes, in whose name they were to appear in my 
second volume. 

The tables were sent to me in the course of the 
fcUowing spring (1831), and additions and > 
recdons seveial months later. They contained 
not only the information which I had expected, 
but much more, for the names of several hundred 
species were added, as being common to two or 
more formalions of the same period i whereas it 
was originally proposed to insert those only which 
were known to be common to two or more distinct 
periods. 

The names thus added greatly increased the 
value of the tables themselves, but caused them 
rather to exceed the limits which could reason- 
ably be allotted to fossil conchology in a geolo- 
Ipcal work. In such works we can only hope to 
tUnstrate the more important theoretical points 
}3y catalogues of shells which characterize par- 



ticular periods, as being exclusively confined to 
them, or wliicli show the connection of two pe- 
riods, by being common to each. The tables, 
although printed in the spring of 1831, were not 
published till two years afterwards; for, in the 
summer of 1831, I made a geological excursion 
to the volcanic district of the Eifel, and on my 
return determined to extend my work to three 
volumes, the second of which appeared without 
the Tables, in January, 1832. This volume I de- 
dicated to my friend Mr, Broderip, then Vice- 
President of the Geological Society, in acknow- 
ledgment of the valuable assistance which he had 
afforded me in several departments of natural 
history. 

During the early part of the year 1832, I 
printed the first half of the third volume; but, in 
the spring, a second edition of the first and second 
volumes being called for, some time was occupied 
in their correction. Finding that I should be 
unable to finish the last volume before the sum- 
mer, I communicated to the public my views 
respecting the tertiary formations in a course of 
lectures delivered in May and June, at King's 
College, London. I then made a tour on the 
continent up the valley of the Rhine to Switzer- 
land, and on my way home visited the Valorsine, 
where 1 had an opportunity of verifying the ob- 



servadons uf M. Necker on tlie granite veins and 
altered stratified rocks of that district. 

The third volume was at length pubhshed in 
May, 1833, having been carefully revised by my 
fiiend SIr.Lonsdale of the Geological Society, who 
bad suggested many improvements. It was dedi- 
cated to Mr. Murcliisoii, as containing, among 
other matters, the results of some of our joint 
labours in the field, in Auvergiie, Velay, and 
Piedmont. 

After a tour, in the summer of the same year, 
through part of France, Belgium, Wurtemberg, 
and Bavaria, I found, on my return to England 
in the autumn, that the second editioii of the first 
volume was nearly out of print. I tlien applied 
myself diligently to the revision of the whole 
work, having resigned the Professorship which 1 
had held for two years at King's College, in 
order that nothing might thenceforth interrupt 
my labours in the closet or the field. More than 
six years had elapsed since the first chapters of 
the " Principles " were written ; and when I con- 
sidered the quantity of new facts brought to 
light in the interval, the new memoirs and trea- 
tises published in England, Germany, and France, 
and the old opinions which required modification 
or rejection, I was often reminded of Waller's 
lamentation, that the poems of Chaucer had so 



soon become antiquated, and his iinticipiitions that 
wn and those of his contemporaries would 
soon share the same fate : — 



It would be impossible for nie to enumerate 
the minor corrections which I have now made, 
but it may be useful to those who have already 
studied my work, to refer at once to the places 
where new matter has been introduced, or where 
opinions formerly expressed have been modified 
or renounced. Of these I subjoin the following 
list : — 

ZAst of the principal Additions, Alterations, and Omit- 

sions in the TJiird Edition* 
3d En. IbiEd. S( 

I. 4. GiMjIogy compared to History - I. 3. I 

S3. Docttine of the Gcrbaniles (note) 17, 

39. Works of AtiteniiB - - £i. 

31. Allegorical psitiige from the Ara- 
bian Kaswini - - 33. 

ST. Sleno's theory - • 39. 

45- Theory of Leibnhzi - - 40. 

70. Gesner's Treatise on Fossils - 49. 

75. Fuciisel'i writings - . 47. 

98. De Luc's theory - - 69. 
lOZ. Remarksoa the modern progress of 

geology - - - 71. 
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316. Aiiewmapofpartof Sicily 
369. Proors of modem chanj;eB in the carlh'i 

crust at great depths in Sicily 
39B. ParslleJ beaches, &c. 
-JOd. Keccnt limestone, Slc. of Timor and Aus. 

4!3. Erratic blocks 

408. Loess of the Valley of the Rhine (recast, 
and sevfral opinions modified or rejected) - 
IV. 11. Capt. Bayfield on new deposits in Canada 
SO. Modem delta of the Kander in Snitzerland 
54. Lake craters of the Eifel, and age of Ithine 
volcanos (concluding part of this chapter re- 
cast, with additions and correclions) 
79. Tertiary strata of Mayence 
SO. Tertiary stistaofOsnabruch 
100. lodu^l hmestone (new illustrations) 
155. Viccntine fonnatioDs 
181, Proofs that the elevation of the Weald was 

197. Valleys of elevation, how caused 

198. The concluding part of this chapter recast 
and newly illustrated ... 

31 1. Sketch of the pKncipal secondary form aiions 
(this chapter greatly enlarged) 

946. This chapter on the elcFatJoii of mountain- 
chains in part re- written and condensed ^ 

S8 1 . Alterations by dikes an imperfect analogy, &c. 

SB4. Faraday on carbonic acid becoming gaseous 37a 

1 must also mention ihe important omission 
fi«ni ihe Appendix of M. Ueshayes's Tables of 



Shells, and some lists of tertiary fossils formerly 
given, which together would have occupied eighty 
pages had they been reprinted, augmenting con- 
siderably the size and cost of the work. I 
have by no means altered my opinion in regard 
to the scientific value of the tables ; but they have 
already circulated extensively among geologists; 
2500 copies of the third volume having been 
printed, and some few of these being still nnsold 
and to be had separately by such as desire to pos- 
sess the Appendix in full. 

I have now only to express my acknowledg- 
ments to Dr. Fitton, for the many valuable hints 
which he has afforded me in revising many parts 
of the third edition. At his suggestion, and thai 
of Mr, Lonsdale, I have prefixed to the table 
of contents a brief summary of the whole work, 
in order to show the connexion of its several 
parts. If any of my readers should be lost in 
the details, especially those relating to natural 
history in the third book, and should be unable 
to see the direct bearing of these on the more 
strictly geological parts of the work, they are in- 
vited to refer from time to time to the summary, 
and to consult at the same time the abridged table 
of contents which follows it. 

The glossary at the end of the fourth volume 
will assist those beginners who are unacquainted 



PREFACE. XXI 

with the elements of geology, especially in read- 
ing a part of the first book, where, as I have 
stated (Vol. I. p. 126.), the novice is carried be- 
yond his depth by the discussion of certain contro- 
verted theories, which were thought well calculated 
to stimulate curiosity, and to lead to the more dili- 
gent study of the facts afterwards described.* 

* The explanation of the Plates will be found in the pages 
where the Binder is directed to insert them. In the smaller Map, 
Plate v., the dotted line a a expresses the occasional channels 
through which the waters of the Indus flow during inundations. 



London, Ma^ 20» 1834. 
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formerly pervaded the northern Iiemispfiere (Chaps. 
VI. VII. VIII.), nor the alleged progressive develop- 
ment of organic lil'e (Chap. IX.), lend any solid sup- 
port to the assumption. 

The numerous topics of general interest brought 
under review in discussing this fundamental question 
are freely enlarged upon, in the hope of stimulating 
the curiosity of the reader. It is presumed that when 
he has convinced himself, that the forces formerly 
employed to remodel the crust of the earth were the 
same in kind and energy as those now acting, or even 
if he perceives that the opposite hypothesis is, at least, 
questionable, he will enter upon the study of the two 
treatises which follow (on the changes now in pro- 
gress in the organic and inorganic world, Books II. 
and III.) with a just sense of the importance of their 
Buhject-maCter. 

The first of these treatises which relates to die 
changes of the inorganic creation, such as are known 
to have taken place within the historical era, is divided 
into two parts. In the Rrst an account is given of 
the observed effects of aqueous causes, such as rivers, 
springs, tides, and currents (Book II. Part I.), while 
in the second the elTects and probable causes of the 
volcano and earthquake are considered (Book II. 
Part II.). 

T^e treatise on the changes of the organic world 
is also divisible into two parts, the first of which com- 
prehends all questions relating to the variability of 
species, and the limits assigned to their duration 
(Chaps. I. to XL). The second explains the pro- 
cesses by which the remains of animals and plants 
existing at any particular period raay be preserved 
(Chaps. XII. to XVII.). 



the first of these divisions, tlie author defines 
term species, and cnnibats the notiou that one 
lies may be gradually converted into another, by 
modifications in the course of ages (Chaps. 
I. II, III. and IV.). He also enters into a full examin- 
ation of the evidence regarded by him as conclusive 
in favour of the limited durability of species. In 
[iroofofthtSihearguesthatthe geographical distribution 
i>t species being partial, the changes constantly going 
LID in the animate and inanimate world must constantly 
tend to their extinction (Chaps. V. to X.). Whether 
a&n species are substituted fur those which die out, 
is a topic on which no speculations are offered ; but 
is contended that if new species had been introduced 
time to time as oflen as others have been lost, 
dhould have no reason to expect to be able to 
otablish the fact during the limited period of our 
oburvation (Chap. XI.). 
In the second branch of this treatise, the various 
igtances under which aquatic and terrestrial 
its and animals, as also man and the works of 
ii hands, become fossil, are examined (Chaps. XIII. 
to XVII.). 

The fourth book is occupied with the description 
of geological monuments strictly so called, the form- 
atioos termed tertiary being first more fully examined 
and daesified, the secondary and primary rocks being 
afterwards more briefly alluded to. In the course of 
this description, it appears that the rocks which com- 
pote the crust of the earth have resulted in part from 
igneous and partly from aqueous causes, and others 
from the combined influence of these agents, the 
ipieous having operated both upon and far beneath 
tiie lur&ce. The bearing of the various pht 
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considered in the second book on the interpretatic^H 
of such monuments cannot fail to be seen. H 

It is, moreover, shown, that the fossil remains flH 
distinct plants Rnd animals are ptentifiilly included iifl 
aqueous rocks of distinct ages, and, consequently, th^| 
[he same species have not always flourished on tllH 
earth. It is principally by the aid of such fossi^H 
tliat the chronological arrangement of rocks is dete^| 
mined ; and a careful comparison of the numerouH 
organic remains of tlie tertiary formations affords Hom^l 
indication of a grudual introduction of tbe specied 
now living, and a successive extinction of specien 
which previously existed. It is at least clear thatfl 
during the tertiary epoch entire assemblages of »pe- ^ 
eies were not simultaneously swept away from large 
regions, and others perfectly distinct created in their ] 
place. Tlie intimate connection of such conclusions, 
with the subjects investigated in the third book, is 
sufficiently obvious. 
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PRINCIPLES OF GEOLOGY. 



CHAPTER I. 



firalwty defined — Comiiand to History — Itn rehiliun lo oilier 
Ptljmal Sciences — Not W be confounded with Cosmogony. 

Gkology is the science which investigates tlie buc- 
ECfeUTe changes that have taken place in tlie organic 
iDorganic kingdoms of nature : it inquires into the 
CBiueg of these changes, and the influence wlilch they 
Inre exerted in modifying the surface and external 
ttmcture of our planet. 

By these researches into tlie stale of the earth and 
ite inhabitants at former periods, we ac(|uire a more 
perfect knowledge of its present condition, and more 
comprehensive views concerning tlie laws now govern- 
ii^ its animate and inanimate productions. When we 
Itudy history, we obtain a more profound insight into 
Inimaa nature, by instituting a comparison between the 
present and former states of society. We trace the 
loag series of events which have gradually led to the 
ictual posture of aifairs ; and by connecting effects with 
llieir causes, we are enabled to classify and retain in 
Itie memory a multitude of complicated relations — the 
TBrious peculiarities of national cliaracter — the dif' 
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ferent degrees of moral and intellectual rc&nemeii 
and numerous other cirtum stances, which, wi 
historical associations, would be uninteresting c 
perfectly understood. As tlie present condition of m 
tioDS is the result of many antecedent changes, i 
extremely remote and others recent, some gradua 
others sudden and violent, so the state of the natun 
world is the result of a long succession of events ; a 
if we would enlarge our experience of the 
economy of nature, we must investigate the effectB ( 
her operatioos in former epochs. 

We often discover with surprise, on looking bax 
into the chronicles of nations, how the fortune i 
some battle has influeuced the fate of millions of 
contemporaries, when it has long been forgotter 
the mass of the population. With tliis remote e- 
we may find inseparably connected the geograpbia 
boimdaries of a great state, the language now spot 
by the inhabitants, their peculiar manners, laws, a 
religious opinions. But far more astonishing and i 
expected arc the connections brought to light, wb 
we carry back our researclies into tJie history of natun 
Tile form of a coast, the configuration of the inter 
of a country, the existence and extentof lakes, valley: 
anil mountains, can often be traced to the former pi 
valence of earthquakes and volcanos in regions whi 
have long been undisturbed. To these remote co 
vutsioos the present fertility of some districts, tl 
sterile character of others, tlie elevation of land abov 
the sea, the climate, and various peculiarities, may b 
distinctly referred. On the other hand, many distil 
guishing features of the surface may often be ascribe 
to the operation at a remote era of slow and tranqu 
causes — to the gradual deposition of sediment in 
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•- or in Uie ocean, or to the prolific increase of 

acea and corals. 

To select onotlier example, we find in certain 

lalities subterranean deposits of coal, consisting of 
^etable matter, formeriy drif);ed into seas and lakes. 
bese seas and lakes Imve since been filled up, tbe 
lads wliereon the forests grew have disappeared or 
ranged their fonn, the rivers and currents which 
Bated the vegetable masses can no longer be traced, 

d the plants belonged to species which for ages have 
Based away from the surface of our planet. Yet the 
icommercial prosperity, and numerical strength of a 
Htion, may now be mainly dependent on the local 
Eitributioa of fuel determined by that ancient state of 



■Geology is as intimately related to almost all the 
^sical sciences, as is history to the moral. An 
ntorian should, if possible, be at once profoundly 
cquainted with ethics, politics, jurisprudence, the 
ulitary art, theology ; la a word, with all branches of 
Bowledge, whereby any insight into human afiairs, or 

the moral and intellectual nature of man, can be 
btained. It would be no less desirable that a geolo- 
Rt should be well versed in chemistry, natural phi- 
lopfay, mineralogy, zoology, comparative anatomy, 
Btany; in short, in every science relating to organic 

1 inorganic nature. With these accomplishments, 
> historian and geologist would rarely fail to draw 
rrect and philosophical conclusions from the various 

Hnuments transmitted to them of former occurrences, 
y would know to what combination of causes ana- 
us effects were referrible, and they would often 
t enabled to supply, by inference, information con- 
thuBg many events unrecorded in tbe defective 
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archives of former ages. But as such extensive ac- 
quisitions are scarcely within the reach of any indi* 
vidual, it is necessary that they who have devoted 
their lives to different departments should unite their 
efforts ; and as the historian receives assistance from the 
antiquary, and from those who have cultivated different 
branches of moral and political science, so the geologist 
should avail himself of the aid of many naturalists^ and 
particularly of those who have studied the fossil remains 
of lost species of animals and plants. 

The analogy, however, of the monuments consnlted 
in geology, and those available in history, extends no 
farther than as regards one class of historical monu^ 
ments, — those which may be said to be u$idesiffnedfy 
commemorative of former events. The canoes, fiv 
example, and stone hatchets found in our peat bogs 
afford an insight into the rude arts and manners of the 
earliest inhabitants of our island ; the buried coin fiaces 
the date of the reign of some Roman emperor ; the 
ancient encampment indicates the districts once occu- 
pied by invading armies, and the former method :of 
constructing military defences; the Egyptian mumraios 
throw light on the art of embalming, the rites ^ 
sepulture, or the average stature of the human race in 
ancient Egypt. This class of memorials yields to no 
other in authenticity, but it constitutes a small part 
only of the resources on which the historian relies^ 
whereas in geology it forms the only kind a^ evidence 
which is at our command. For this reason we most 
not expect to obtain a full and connected account ^f 
any series of events beyond the reach of history. Bot 
the testimony of geological monuments, if frequently 
imperfect, possesses at least the advantage of being 
free from all suspidon oi misrepresentation. We may 
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be deceived in the inferences which we draw, in the 
nner as we often mistake ihe nature and 
import of phenomena observed in the daily course of 
nature, but our liability to err is confined to the inter- 
pretation, and, if this be correct, our informaiion is 
certain. 

It was long ere the distinct nature and legitimate 
Objects of geology were fully recognized, and it was at 
first confounded with many other brunches of inquiry, 
just as the limits of history, poetry, and mythology 
were ill-defined in the infancy of civilization. Werner 
appears to have regarded geology as little other than 
Bubordinate department of mineralogy ; andDesmar- 
est included it under the head of Physical Geography. 
Cut the most common and serious source of confusion 
31 the notion that it was the busiuess of 
geoli^y to discover the mode in which the present 
«y«tenfn of things originated, or, as some imagined, to 
Kudy the effects of those cosmological causes which 
employed by the Author of Nature to bring the 
planet out of a nascent and chaotic state into a more 
^perfect and habitable condition. Hutton was the first 
^rbo endeavoured to draw a strong line of demarcation 
•between his favourite science and cosmogony, for he 
r^dared that geology was in no ways concerned " with 
i^estions as to the origin of things." 

An attempt will be made in the sequel of this work 
40 demonstrate that geology differs as widely from 
iBOBtnogony, as speculations concerning the mode of 
^e first creation of man differ from history. But, 
Aefore entering more at large on this controverted 
lestion, I shall endeavour to trace the progress of 
ut on this topic, from the earliest ages, to tlie 
lencement of the present century. 
B 3 



CHAPTEH II. 



Oriental Cosmagony— Doctrine of the succe^vc destrut 
and renovation of tlie world — Origin of this doctrii 
Commoii to the Egyptians — Adopted by the GrfelcH — 
lem of Pythagoras — Of Aristotle — Dogmas concerning 
extinction and reprodiictloti oC genera and specii 

— Pliny — Concluding 



Oriental Cosmogimy, — The earliest (Joctrines oft 
Indian and Egyptian ectiools of philosophy agreed 
ascribing the first creation of the world to an onn 
potent and infinite Being. They concurred also 
representing this Being, who had existed from 
eternity, as having repeatedly destroyed and rep 
duced the world and all its inhabitants. In I 
"Institutes of Menil," the sacred volume of the H 
doos, to which, in its present form, Sir William Joi 
ascribes an antiquity of at least eight hundred a 
eighty years before Christ, we find this system of t 
alternate destruction and renovation of the worl 
proposed in the following remarkable verses : — 

" The Being, whose powers are incompreht 
having created me (MenJi) and this universe 
became absorbed in the supreme spirit, changing the" 
time of energy for the hour of repose. 

" When that power awakes, then has this world its 
full expansion; but when he slumbers with a tranquil 
spirit, then the whole system fades away For 
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rhile he reposes as it were, embodied spirits endowed 
■ith principles of action depart from their several 
acts, and the mind itself becomes inert" 

Menu then describes the absorption of all beings 
into the Supreme essence, and the Divine soul itself 
is said to dumber, and to remain for a time immersed 
in " die first idea, or in darkness." He then proceeds 
(verse fifty-seven), " Thus that immutable power, by 
iraking and reposing alternately, revivifies and destroys, 
in eternal succession, this whole assemblage of loc 
motive and immoveable creatures," 

It is then declared that there has been a long 
succession of ma/iwantaras, or periods, each of the 
dtiration of many thousand ages, and — 

" There are creations also, a«d destructions of worlds 
innumerable : the Being, supremely exalted, perform! 
aU this with as much ease as if in sport, again and 
^ain, for the sake of conferring happiness."* 

The compilation of the ordinances of Menu was 
jU tbe work of one author nor of one period, and to 
this circumstance some of the remarkable inequalities 
of style and matter are probably attributable. There 
are many passages, however, wherein tbe attributes 
ndacta of the "Infinite and Incomprehensible Being" 
•re spoken of with much grandeur of conception and 
■tiblimity of diction, as some of the passages above 
dted, though sufficiently mysterious, may serve to 
exemplify. There arc at the same time such puerile 
conceits and monstrous absurdities in the same cos- 
inc^ny, that some may impute to mere accident any 
dighl approximation to truth, or apparent coincidence 

• Isititutes of Hindoo I,aw, or the Ordinances of Meni, fror 
I tbe Suucrit, trnnslated by Sir William Jonei, I79e. 



between the oriental dogmas and observed facta. Thi« 
pretended revelation, however, waa not purely an e&bit 
of the uoaRsiRted imagination, nor invented withoat 
regard to the opinions and observations of naturaliatlt 
There are introduced into the same chapter certaift 
astronomical theories, evidently derived from obaem 
ation and reasoning. Thus, for instance, it is declared 
that, at the North Pole, the year waa divided into 'k 
long day and night, and that their long day was tfie 
northern, and their night the Bouthern courae of tHfc 
■un i and to the inhabitants of the moon, it is said, oah 
day is equal in length to one month of mortals.* u 
Euch Btatements cannot be resolved into mere conjee* 
tures, we have no right to refer to mere chance tbA 
prevailing notion, that the earth and its inhabitants hall 
formerly undergone a succession of revolutions and cftd 
tastrophes interrupted by long intervals of tranquQIitjH 
Now there are two sources in which such a theol^ 
may have originated. The marks of former convall 
Bions on every part of the surface of our planet aii|i 
obvious and striking. The remains of marine animjdt 
imbedded in the solid strata are so abundant, that th^ 
may be expected to force themselves on the obaem 
ation of every people who have made some progress H 
refinement; and especially where one class of men 
are expressly set apart from the rest for study anAt 
contemplation. If these appearances are once recoj^i 
nized, it seems natural that the mind should come ta 
the conclusion, not only of mighty changes in past' 
ages, but of alternate periods of repose and disorder ;-m^ 
of repose when the fossil animala lived, grew, sibA\ 
multiplied — of disorder, when the strata wherein they^J 
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were buried became transferred from the sea to tlit; 
interior of contintnts, and entered into high mountain 
diaiiis. Those modern writers, who arc disposed to 
lEsparoge iJie ibrmer intellectual advancement and 
aTilizacioQ of eastern nations, might concede some 
filundalion of obiierred facts for the curious theories 
WW under consideration, without indulging in exagge- 
rated opinions of the progress of science; especially 
u universal catastrophes of the world, and exter- 
minations of organic beings, in the sense In whkli 
ti\ey were understood by the Brahmin, are untenable 
doctrines. 

We know, tliat tiie Egyptian priests were aware- 
wit only that the soil beneath the plains of the Nile, 
hit that also the hills bounding the great valley, 
contained marine shells*; and it could hardly have 
Kcaped the observation of eastern philosophers, that 
wme soils were filled with fossil remains, since so 
many national works were executed on a magnificent 
Kale by oriental nionarchs in very remote eras. 
Great canals and tanks required extensive excava- 
tioDs; and we know tliat in more recent times (the 
Aurteenth century of our era) the removal of soil 
aecessaiy for sucli undertakings brought to light geo- 
logical phenomena, which attracted the attention of 
■ people less civilized than were many of the older 
oations of the Eastf . ......j 
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Ika hiiliiiruui Ptri3l>tB, in the lilirsry of the East India Compuiy, 
tiOiDg to the rise and progress of the Maliomedan empire in 
luli^ ■nd procured from Uie library of Tippoo Suliati in ITSSj 
I md hx been recenlly referred to at Boroe length by Dr. Buck- 
luid. — {GeoL Trans. 2d Series, vol. ii. part iji. p.389.J — It 
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But although the Brahmins, like the priei 
Egypt, may have been acquainted with the exist- 
ence of foesil remains in the strata, it is possible that 
the doctrine of successive destructions and reno- 
vations of the world merely received corroboration 
from such proofs ; and that it may have been originally 
hBiideddown,likethe religious dogmas of most nations, 
from a ruder state of society. The system may have 
had its source in the exaggerated traditions of those 
partial, but often dreadful, catastrophes, which are 
sometimes occasioned by particular combinations of 
natural causes. Floods and volcanic eruptions, the 
agency of water and fire, ore the ciiief instruments of 
devastation on our globe ; and we shall point out in 
the sequel the extent of many of these calamities, 
recurring at distant intervals of time, in the present 
course of nature; and shall only observe here, that 
they are so peculiarly calculated to inspire a lasting 
terror, and are so often fatal in their consequences to 
great multitudes of people, that it scarcely requires 
a passion for tlie marvellous, so characteristic of 
rude and half civilized nations, still less the exuberant 
imagination o? eastern writers, to augment them into 
general cataclysms and conflagrations. 

Humboldt relates the interesting fact, that after the 
annihilation of a large part of the inhabitants of 
Cumana, by an earthquake in 1766, a season of ex- 

ia slated that, in the year 762 (or 13G0 of our era), the king 
employed 6fty thouBaod labourers in cutting through a mound, « 
u to form a junction between the rivers ScUma and Sutluj ; and 
in this mound were found the bones of elephants and men, BOme 
of them petrified, and some of ihem resembling bone. The 
gigantic dimensions altribuled to the human honea show (hem to 
bivc belonged to some of tbe larger pachydermata. 
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traordinary fertility ensued, in consequence of the 
rains wliich accompanied tlie subterranean coa- 
mlsionB. " The Indians," he says, " celebrated, after 
ideas of an antique superstition, by festivals and 
dancing, the destruction of the world and the ap- 
proaching epoch of its regeneration,"* 

The existence of such rites among the rude nations 
of South America is most important, for it ahows what 
tSecta may be produced by great catastrophes of this 
nature, recurring at distant intervals of time, on the 
minds of a barbarous and uncultivated race. The 
nperstitions of a savage tribe are transmitted through 
dl the progressive stages of society, till they exert a 
powerful influence on the mind of the philosopher. 
He may find, in the monuments of former changes on 
rth'fi surface, an apparent contirmatloo of tenets 
handed down tlirough successive generations, from 
ite rude hunter, whose terrified imagination drew 
false picture of those awful visitations of floods and 
Mthquakes, whereby the whole earth as known to 
"m was simultaneously devastated. 

Bgj/ptvm Cosmogony. — Respecting the cosmogony 
of the Egyptian priests, we gather much information 
writers of tlie Grecian sects, who borrowed 
^ost all their tenets from Egypt, and amongst 
ethers that of the former successive destruction and 
renovation of the world, f We learn from Plutarch, 
this was the theme of one of the hymns of 
Orpheus, so celebrated in the fabulous ages of Greece- 
It was brought by him from the banks of the Nile; 
re even find in his verses, as in the Indian 
lystems, a, definite period assigned for the duration of 

• Humboldt el Bonplond, Voy. Relat. Hist. vol. i. p. 30. 
t Prichard's Egypt. Mylhol. p. 177. 
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each successive world.* The returns of great c 
strophes were determined by the period of the Annus 
Magnus, or great year, — a cycle composed of the 
revolutions of the sun, moon, and planets, and termi- 
natiag when these return together to the same sign 
whence they were supposed at some remote epoch to 
have set out. The duration of this great cycle wae 
variously estimated. According to Orpheus, it wai 
120,000 years ; according to others, 300,000; and by 
Cassander it was taken to be 360,000 years. f 

We learn particularly from the Tima;u3 of Plato, 
that the Egyptians believed the world to be subject lo 
occasional conflagrations and deluges, whereby the gods 
arrested the career of human wickedness, and purified 
the earth from guilt. After each regeneration, mankind 
were in a state of virtue and happiness, from which 
they gradually degenerated again into vice and immo' 
tality. from this Egyptian doctrine, the poets de- 
rived the fable of the decline from the golden to the 
iron age. llie sect of Stoics adopted most fully the 
eystem of catastrophes destined at certain intervals to 
destroy the world. These they taught were of two 
kinds; — the Cataclysm, or destruction by deluge, which 
iweeps away the whole human race, and annihilates all 
the animal and vegetable productions of nature ; and 
iheEcpyrosis, or conflagration, whicli dissolves the globe 
itself. From the Egyptians also they derived tlie doc- 
trine of the gradual debasement of man from a state 
of innocence. Towards the termination of each era 
the gods could no longer bear with the wickedness of 
men, and a shock of the elements or a deluge over- 

• Plut. de Dcfoclu Oraculorum, cap. 12. CensorinuB de Die 
Natali. See also Pricliard'e Egypt. Mjthol. p. 182. 
t Priclurd's Egypt. MythuL p. isa. 
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vbelmed them ; after trhich calamity, Astrea again 
descended on the earth, to renew ihe golden age." 

The connection between the doctrine of successive 
catastrophes and repeated deteriorations in the moral 
character of the human race, is more intimate and 
utural than might at first be imagined. Tor, in a rude 
^te of society, all great calamities are regarded by the 
people as judgments of God on the wicliedness of man. 
Thus, in our own time, the priests persuaded a large 
part of the population of Chili, and perhaps believed 
themselves, that the fatal earthquake of 1S22 was a 
■gti of the wrath of Heaven for the great political 
molution just then consuRiraated in South America. 
In Qce manner, in the account given to Solon by the 
Egyptian priests, of the submersion of the island of 
Atlantis under the waters of the ocean, after repeated 
■hooks of an earthquake, we find that the event hap- 
pened when Jupiter had seen the moral depravity of 
the inhabitants. f Now, when the notion had ones 
gained ground, whether from causes before suggested 
or not, that the earth liad been destroyed by several 
general catastrophes. It would next be inferred that the 
hninan race had been as often destroyed and renovated. 
And, since every extermination was assumed to be 
ftitai, it could only be reconciled with divine justice, 
by the supposition that man, at each successive creation, 
Was regenerated in a state of purity and innocence. 

A very large portion of Asia, inhabited by the ear- 
liest nations whose traditions have come down to us, 
hat been always subject to tremendous earthquakes. 
Of the geograpliical boundaries of these, and their 
effects, I shall speak in the proper place. Egypt 

• Prichard's Egypt, Mytlio!. p. 193. f ri"">'s Tiniiciw. 
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has, for the most part, been exempt from this scourge,- 
and the tradition of catastrophes in that country wag 
perhaps derived from the East. 

One eslraordinary fiction of the Egyptian mythology 
was the supposed intervention of a mas culo- feminine 
principle, to which was assigned the development of 
the embryo world, somewhat in the way of incubation. 
For tile doctrine was, that when the first chaotic mass 
had been produced, in the form of an egg, by a 
d^wndent and etcroai Being, it required the mysterioua 
functions of this masculo-feminine demi-urgus to reduce 
the component elements into organized forms. 

Although it is scarcely possible to recall to mind 
this conceit without smiling, it does not seem to differ 
essentially in principle from some cosraological notions 
of men of great genius and science in modern Europe. 
The Egyptian philosophers ventured on the perilous 
task of seeking from among the processes now going 
on something analogous to the mode of operation 
ployed by the Author of Nature in the first creation of 
organized beings, and they compared it to lliat whidt 
governs the birth of new individuals by generation. To 
suppose tliat some general rules might be observed in 
die first ori^n of created beings, or the first introduc- 
tion of new species into our system, was not absurd, 
tvyr inconsistent with any thing known to us in the eco- 
nomy of the universe. But the hypothesis, that there 
was any analogy between such laws, and those em- 
ployed in the continual reproduction of species once 
created, was purely gratuitous. In like manner, it is 
not unreasonable, nor derogatory to the attributes of 
Onmipotence, to imagine that some general laws may 
be observed in the creation of new worlds ; and if man 
could witness the birth of such worlds, he might reason 
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by induction upon the origin of his own. But in the 
absence of such data, an attempt has been made to 
&Dcy some analogy between the agents now employed 
to destroy, renovate, and perpetually vary the earth's 
lurfiice, and those wbereby the first chaotic mase was 
fcnned, and brought by supposed nascent energy from 
tlie embryo to the habitable state. 

By how many shades the elaborate systems, con- 
Knicted on these prmciples, may differ from the 
mysteries of the " Mundane Egg" of Egyptian feble, 
I Bhall not inquire. It would, perhaps, be dangerous 
ground, and some of our contemporaries might not sit 
U patiently as tiie Athenian audience, when the fiction 
of the chaotic egg, engrafted by Orpheus upon their 
own mythology, was turned into ridicule by Aristo- 
phanes. That comedian introduced his birds singing, 
in a solemn hymn, " How sable-plum aged Night con- 
ceived in the boundless bosom of Erebus, and laid an 
e^, from which, in the revolution of ages, sprung Love, 
res[dendent with golden pinions. Love fecundated 
(he dark-winged chaos, and gave origin to the race of 
birds."* 

Pythagorean Doctrines. — Pythagoras, who resided 
for more than twenty years in Egypt, and, according- 
to Cicero, had visited the East, and conversed with 
the Persian philosophers, introduced into his own 
country, on bia return, the doctrine of the gradual 
deterioration of the human race from an original state 
of virtue and happiness : but if we are to judge of his 
theory concerning the destruction and renovation of 
the eartli from the sketch given by Ovid, we must 
ctmcede it to have been far more philosophical than 

" Aristopbane5, Birds, 6iM. 
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any known version of the cosmologies of oriental i 
Egyptian sects. 

Although Pythagoras is introduced by tlie f 
delivering his doctrine in person, some of the illustti 
tiuDS are derived from naturnl events which happeu 
after the death of the philosopher. But notwithstaw 
ing these anachronisms, we may regard the account 1 
a true picture of the tenets of the Pythagorean a 
in the Augustan age; and although perhaps partial 
modified, it must have contained the substance of tj 
original scheme. Thus considered, it is extrem 
curious and instructive; for we here find c 
heosive and masterly summary of almost all the g 
causes of change now in activity on the globe, and 
these adduced in confirmation of a principle of per- 
petual and gradual revolution inherent in the nature of 
our terrestrial system. These doctrines, it is true, are 
not directly applied to the explanation of geological 
phenomena ; or, in other words, no attempt is made to 
eatiraate what may have been in post ages, or what 
may hereafter be, the aggregate amount of change 
brought about by such never-ending fluctuations. Had 
this been the case, we might have been called upon to 
admire so extraordinary an anticipation with no less 
interest than astronomers, when they endeavour to 
divine by what means the Samian philosopher came to 
the knowledge of the Copernican theory. 

Let us now examine the celebrated passages to 
which we have been adverting*; — 

" Nothing perishes in this world; but things merely 
vary aod change their form. To be born, means simply 
that a thing begins to be something different from what 
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it was before ; and dying, is ceasing to be the same 
thing. Vet, although nothing retains long the same 
image, the sum of the whole remains constant." These 
genera] propositions are then confirmed by a series of 
examples, all derived from natural appearances, except 
fte first, which refers to the golden age giving place 
to the age of iron. The illustrations are thus conse- 
Gutively adduced. 

1. Solid land has been converted into sea. 

2. Sea has been changed into land. Marine sheltg 
lie far distant fi-om the deep, atid the anchor has been 
found on the summit of hills. 

3. Valleys have been excavated by running water, 
lad floods have washed down hills Into the sea.* 

4. Marshes liave become dry ground. 

5. Dry lands have been changed into stagnant pools. 

6. During earthquakes some springs have been 
dosed up, and new ones have broken out. Rivers 
have deserted their channels, and have been re-born 
dieirliere ; as the Erasinus in Greece, and Mysus in 
&^ 

*J. The waters of some rivers, formerly sweet, have 
becoDJe bitter, as those of the Anigris in Greece, &c.f 

8. Islands have become connected with the main 
land, by the growth of deltas and new deposits, as in the 
use of Antissa joined to Lesbos, Pharos to Egypt, &c, 

9. Peninsulas have been divided from the main land, 
lad have become islands, as Leucadia ; and according 

• EluTJe rooni esl deductus in aquor, v. 267- The meaning 
I of tilts last veise is somcwhit obscure, but, laten wiih ihe contejil, 
I Saj be supposed to allude to ttie abrading power of floods, 

ircDU, and riiers. 
I t Tlie impregnation ftom new mineral springs, caused by 
I (Utlqiukes in volcanic countries, is, perhaps, here alluded to. 



to tradition Sicily, the sea having carried away tha' 
isthmus. 

10. Land has been submerged by earthquakes : the 
Grecian cities of Helice and Burls, for example, are to 
be seen under the sea, with their walls inclined. 

11. Plains have been upheaved into hills by t 
confined air seeking vent, as at Troezen in the Felo* 
ponnesuB. 

12. The temperature of some springs varies i 
different periods. The waters of others are infladi 
mabie,* 

13. There are streams which have a petrifyin 
power, and convert the substances which they toudi 
into marble. 

14'. Extraordinary medicinal and deleterious eifecfe 
are produced by the water of different lakes ) 
springs, f 

15. Some rocks and islands, after floating, i 
having been subject to violent movements, have I 
length become stationary and immoveable, as De' 
and the Cyanean Isles. J 

■ This is probably an bIIubioh to the escape of inflammabU 
like that in the district of Baku, west of the Caspian ; at 
mala, in the Tuscan Apennines ; and several other places. 

t Manj of those descrihed seem fanciful lictions, like 
virtues sdll so commonly altributed lo mineral waters. 

t Haspe, in a learned and judicious essay (De Novis 
cap. 19.), has made it appear eitTemel;r probable that all i 
iraditioos of certain islands in the Meditemnean having at sa 
fonaer time frequently shifted their positions, and at leng 
become stationary, originated in the great change produced 
their form by earthquakes and submarine eruptions, of wU 
tliere have been modem examples in the new islands raised in I 
Ume of history. When the series of convulsions ended, | 
'"land was said to become fiietl. 
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16. Volcanic vents shifl their position ; there was a 
ime when Etna was not a burning mountain, and the 
ime will come when it will cease to burn. Whether 
it be that some caverns become closed up by the move- 
» of the earth, and others opened, or whether the 
fiiel is finally exhausted, &c. &c. 

; causes of change in the inanimate 
world having been thus enumerated, the doctrine of 
equivocal generation is nest propounded, as illuB- 
trating a corresponding perpetual flux in the animate 
tteation.* 

hi the Egjrptian and Eastern cosmogonies, and in 
ihe Greek version of theni, no very definite meaning 
n general, be attached to the term " destruction 
of the world ;" for sometimes it would seem almost to 
imply the annihilation of our planetary system, and at 
others a mere revolution of the surface of the earth. 

Opiniom of Aristotle. — From the works now extant 
of Aristotle, and from the system of Pythagoras, as 
above exposed, we might certainly infer that these 

iistcnt with the Hindoo mythology to suppose 
;ht have round in the East not only the system 
lent cstsatrophes and periods of [epase in end- 
also that of periodical revolutions, effected by 
inued agency of ordinary causes. For Brahma, Vishnu, 
ud Sira, the first, second, and third persons of the Hindoo triad, 
•trerallj represented the Creative, the Preserving, and the De- 
■Rijuig powers of the Deity. The co-cijslence of these three 
JUdbulct, all in uiDultaoeoua operation, might ncll accord n 
It notion of perpetual but partial alterations finally bringing 
Wut a complete change. But the fiction eipreiiaed in the vei 
jbre quoted from Menil, uf eternal vicissitudes in Ihe vigils i 
iiinben of t)ie loSnite Being, seems accommodated to 
Itoo of great general CBtaalrophes followed by new creati 
tad periods of repose. 
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pliilosop tiers considered the agents of change ; 
Iterating in nature, as capable of bringing about ii 
the lapse of ages a complete revoluti 
Stagy rite even considers occasional catastrophei 
happening at distant intervals of time, as part of ti 
regular and ordinary course of nature. The delu( 
of Deucalion, he says, aifected Greece onij, and prii 
cipally the part called Hellas, and it arose from grei 
inundations of rivers during a rainy winter. But si 
extraordinary winters, he says, though after a cert 
period they return, do not always revisit the sa 
pkcs... 

Censorinus quotes it as Aristotle's opinion, ti 
there were general inundations of the globe, and ti 
they alternated with conflagrations, and that the flc 
constituted the winter of the great year, or ast 
nomical cycle, while the conflagration, or destnictin 
by fire, is the summer or period of greatest heaCi 
If this passage, as Lipsius supposes, be an anipl 
cation, by Censorinus, of what is written in " t 
Meteorics," it is a gross misrepresentation of t 
doctrine of the Stagyrite, for the general bearing t 
his reasoning in that treatise tends clearly in an oppS 
iite direction. He refers to many examples of changed 
now constantly going on, and insists emphatically tat 
the great results which tliey must produce in th^ 
lapse of ages. He instances particular cases of li 
that had dried up, and deserts tliat had at lengA 
become watered by rivers and fertilized. He pointft 
to the growth of the Nilotic delta since the time of T 
Homer, to (he shallowing of the Palus Ma^otis within \ 
sixty years from his own time ; and although, in the J 
same chapter, he says nothing of earthquakes, yet ii 

• Meteor, lib. i. cap. lii. t ^« ^'' Nat 
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e^ers of the same treatise', he shows hiiiiEelf not 
unacquainted with their eft'ects. He olludeg, for 
euiDple, to the upheaving of one of the EolJan islands 
previoiiE to a volcanic eruption. " The changes of the 
earth," he eays, " are bo slow in comparison to tlie dura- 
tion of our lives, that they are overlooked (hxtBatu) ; 
and the migrBtions of people after great catastrophes, 
and their removal to other regions, cause the event 
to be forgotien."f 

When we consider the acquaintance displayed by 
Aristotle with the destroying and renovating powers 
of Nature in his various works, the introductory and 
concluding passages of the twelfth chapter of his 
"Meteorics" are certainly very remarkable. In th« 
Gist sentence he says, " The distribution of land and 
sea in particular regions does not endure throughout 
all time, but it becomes sea in those parts where it was 
land, and again it becomes land where it was sea ; and 
there is reason for thinking that these changes take 
place according to a certain system, and within a certain 
period." The concluding observation is as follows: 
— " As time never fails, and the universe is eternal, 
neither the Tanais, nor the Nile, can have flowed for 
ever. The places where they rise were once dry, 
and there is a limit to their operations, but there is 
none to time. So also of ail other rivers ; they spring 
up, and they perish ; and the sea also continually 
deserts some lands and invades others. The same 
tracts, therefore, of the earth are not, some always 
KB, and others always continents, but every thing 
changes in the course of time." 
ItseenuB, then, that the Greeks had not only derived 

•.[dlkU. rap. I+, 15, and 16. t Jbi^ 
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from preceding nations, but had also, in some si 
degree, deduced from their own observatio: 
theory of periodical revolutions in the inorganic world 
there is, however, no ground for imaginiog tha 
xJaey contemplated former changes in the races c 
animals aod plants. Even the fact, that marine n 
re inclosed in solid rocks, although observe) 
by many, and even made the groundwork of geologica 
speculation, never stimulated tlie industry or guidet 
the inquiries of naturalists. It is not impossible tlu 
the theory of equivocal generation might 
gendered some inditference on this subject, and thaf 
belief in llie spontaneous production of living beinj 
from the earth, or corrupt matter, might have cause 
the oi^anic world to appear so unstable and fluctuatinj 
that phenomena indicative of former changes woi^ 
not awaken intense curiosity. Tlie Egyptians, it is 
had taught, and the Stoics had repeated, that t 
earth had once given birth to some monstrous animi 
which existed no longer ; but the prevailing opinio 
seems to have been, that after each great catastropl 

e species of animals were created c 
This tenet is implied in a passage of Seneca, whei 
speaking of a future deluge, he says, " Every a 
shall be generated anew, and men free from gid 
shall be given to tlie earth."* 

1 old Arabian version of the doctrine of the su( 
re revolutions of the globe, translated by Abrahffl^ 
Ecchellensisf , seema to form a singular exceptiou | 
the general rule, for here we find the idea of differ^ 
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— QjiasM. Nat. iii. c 
+ This author was Reglua Profesaor of Syriac and Arabic' 
Aiii, wbece, in 1 6S5, lie publiabed a Latin (ratislatioii of ma 
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I genera and species having been created. Tlie Get- 

I baaicefi, a sect of astronomers who flnuriglied some 

I centuries before Uie Christian era, taught as follows : 

r — " That after every period of thirty-six tliousand four 

hundred and twenty-five years, tliere were produced s 

pair o( every species of animal, both male and femalei 

from whom animals might be propagated and inliabit 

I this lower world. But when a circulation of the 
heavenly orbs was completed, which is finished in that 
space of years, otlier genera and specks of animals are 
propagated, as also of plants and other things, and the 
first order is destroyed, and so it goes on for ever and 
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Theory of Strabo. — Asweleammuch of the tenets 
of the Egyptian and oriental schools in the writings of 



Arobisn MSS. on diSKivnt depnrtoiejits of [iliiloBopli;. TLu 
work baa always lieen considered of liigh authority. 

* Gerlianitic docebant singulos trigintn eex mille annos qua- ~ 
driugentoB, vigiati quinque bina ex singulU anJTnalium apeciobui ' 
inoduci, marem scilicet ac feminam, ei quibua atiiinulia propb- 
gantur, buncijue iDferiorem incolunt orbem. AbsoJuU auum 
cccleitiuin orijium circulatiooe, quo; ilia annorum conficitur spalit^ 

modum el plantaruin aliarumque rcnitn, et {irimtis dcstniilur ordo. 
bieqiie in infinitum producitur. — Histor. Orient, Suppl. per 
Abraliamum EcchcUensum, Sjrum Maronilnm, cap. T, et 6. ad 
calcem Cbroaici OrieataL Paritijs, e Typ. regia, 16g3. fol. 

I have given tbe punctuatjon as in tbe Paria edition, there 
being nu comma nftiT quinque, but, at the euggestjan of M, d« 
Schlfgci, X bave rcfenvd the number twenty-five to the period of 
jcsis, and not \a the number of pairs of each species created M 
one time, as I had done in former editions. Fortia inferred that 
twenty-five new tpeaes only were created at a time ; a coaatnicthni 
which the p*a^e vfiU not admit. M&n. tsa I'HlH. NaL di 

ritaUe, voL L p. S02. . 
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die Greeks, so many speculations of the early Greel 
authors are made known to us in the works of the AU' 
gustan and later ages. Strabo, in particular, enten 
largely, in the second book of his Geography, into the 
opinions of Eratosthenes and other Greeks on one of the 
most difficult problems in geology, viz. by what cauaei 
marine shells came to be plentifully buried in the earth 
at such great elevations and distances from the sea. 

He notices,amongstothers,tlie explanation of Xaiithiu 
the Lydian, who said that the seas had once been more 
extensive, and that they had afterwards been partially 
dried up, as in his own time many lakes, rivers, and 
wells in Asia had failed during a season of drought 
Treating this conjecture with merited disregard, Strabo 
ptasses on to the hypothesis of Strato, the natural 
philosopher, who had observed that the quantity of 
mud brought down by rivers into the Euxine was so 
great, that its bed must be gradually raised, wliile ibe 
rivers still continue to pour in an undiminished quantity 
of water. He therefore conceived that, originally, 
when the Euxine was an inland sea, its level had by 
this means become so much elevated that it burst iB 
barrier near Byzantium, and formed a communication 
with the Propontis; and this partial drainage, he sup- 
posed, had already converted the left side into marshy 
ground, and thus, at last, the whole would be choked up 

I with soil. So, it was argued, the Mediterranean had 

once opened a passage for itself by the Columns of 

I Hercules into the Atlantic: and perhaps the abundance 

I of sea-shells in Africa, near the Temple of Jupiter 

Atnmon, might also be the deposit of some former 

I Inland sea, which had at length forced a passage and 

I escaped. 

I . But Strabo rejects this theory as insufficient to ae- 



Bunt for all ihe phenomena, and he proposes one of 
a, the profoundness of which modern geologists 
e only beginning to appreciate. " It is not," he saya, 
because the lands covered by seas were originally at 
ifferent altitudes, that the waters have risen, or sub- 
3T receded from some parts and inundated others, 
le reason is, that the same land is sometimes 
raised up and sometimes depressed, and the sea 
I simultaneously raised and depressed, so that 
; ^ther overflows or returns into its own place 
Bin. We must therefore ascribe the cause to the 
ound, either to that ground which is under the 
1, or to that which becomes flooded by it, but 
^r to that which lies beneath the sea, for this 
more moveable, and, on account of its humidity, 
a he altered with greater celerity.* /( is proper," 
gbserves in continuation, *' to derive our explanatwas 
m Ihittffs which are obvious, and in some measure of 
idfy occurrejwe, such as delaget, earthquahes, volcanic 
options, and sudden swellings of the land beneath Ihe 
ti for the last raise up the sea also, and wlien the 
me lands subside again, they occasion the sea to be 
!t down. And it is not merely the small, but the large 
%IsDds also, and not merely the islanda, but the con- 
tinents, which can be lifted up together with the sea ; 

" Quod enim hoc nttollitur aul sub^idit, et vel inundat 

lam I0C&, vel ab tis rccedit, ejus re! cauw noa eat, quod alia 

Bulu huQiiliora siiit aut altiaia ; bed quod idem solum modo 

tOolUlur modo deprimitiu-, simulquE eliam modS aclollilur modo 

dcptimilur mare : iuque vel eiundal tiA in Buum ledic locum." 

Fonea, p. 8S. " Restat, ut cau^am adsciibsmus solo, sive 
quod man subesl sivc quod inundatur; potius tamen el quod 
nan njbcit. Hoc enim mullti est moblUus, ct ijuod ob humidita . 
teni celeries matiri poBdt, " — Stiabo, lib. ii. 
VOL.1. n 
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and both large and small tracts may subside, for h 
tations and cities, like Bure, Bizona, and many otha 
have been engulphed by earthquakes." 

In another place, this learned geographer, in alludin| 
to the tradition that Sicily had been separated by a 
<»>nTulsion from Italy, remarks, that at present the 
land near the sea in those parts was rarely shaken by 
earthquakes, since there were now open orifices whereby 
fire and ignited matters and waters escape ; but for- 
merly, when the volcanos of Etna, tlie Lipari Islands, 
Ischia, and others, were closed up, the imprisoned fire 
and wind might have produced far more vehement 
movements,* The doctrine, therefore, that volcano! 
are safety-valves, and that the subterranean convulsions 
are probably most violent when first the volcanic 
energy shifts itself to a new quarter, is not modem. 

We learn from a passage in Strabo +, that it was a 
dogma of the Gaulish Druids that the universe was 
immortal, but destined to survive catastrophes both of 
fire and water. That this doctrine was coinraunicatetl 
to them from the East, with much of their learning, 
cannot be doubted. Ctesarf , it will be remembered, 
says that they made use of Greek letters in arithmetical 
computations. 

Piiny had no theoretical opinions of his own con- 
cerning changes of the earth's surface ; and in this 
department, as in others, he restricted himself to the 
task of a compiler, without reasoning on the facts 
stated by hfm, or attemptmg to digest them into re- 
gular order. But his enumeration of the new islands 
which had been formed in the Mediterranean, and of 



• Smbo, lib. vi. p. sse. 
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tther cODTul^ons, sheH's that the ancients had not 
[teen inattentive observers of the changes which had 
'taken place within the memory of man. 

Such, then, appear to have been the opinions enter- 
tained before the Christian era, concerning the past 
recolations of our globe. Although no particular in- 
Kstigations had been made for the express pur- 
of interpreting the monumenls of ancient changes, 
were too obvious to be entirely disregarded ; and 
fte observation of the present course of nature pre- 
tGDted too many proofs of alterations continually in 
, progress on the earth to allow philosophers to believe 
fliat nature was in a state of rest, or that the surface 
tti remained, and would continue to remain, unaltered, 
it they had never compared attentively the results 
flf the destroying and reproductive operations of mo- 
iera times with those of remote eras, nor had they 
S^er entertained so much as a conjecture concerning 
8ie comparative antiquity of the human race, or of 
wing species of animals and plants, with those belong' 
bg to former conditions of the organic world. They 
Btudied the movements and positions of the hea- 
■teJy bodies with laborious industry, and made some 
pn^ess in investigating the animal, vegetable, and 
nmeral kingdoms ; but the ancient history of the globe 
*as to them a sealed book, and, although written in 
disracters of the most striking and imposing kind, they 
*ere unconscious even of its existence. 
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Arabian writera of the tentli century — Avicenna 

Coamagonyof theKorao — Kaznini — Early Italian writol 
Frocasloia — Conlrovcrsy Hsto the real nature of arganiied lb 
sila — Fossil Bhells attributed to the Mosaic deluge — Palissy — 
Sceno — Sdlla — Qjiirini — Boyle — Lister — Leibnitz — 
Hooke's Theory of Etevation by Eaithquakes— Hit specula- 
tiona on lost epeeies of animals — Ray — FhyBico-thcolo^cal 
writers — Woodward's DEluvial Ttieory — Burnet — Whiston 

— Hutciiinson — Valllsneri — Laziaro Moro — Generelli — 
Bufi'oD — His theory condemned by the Sorbonne as unortho- 
do! — His declaration — Targioni — Ardiiino— Miehell — 
Calcott — Raspe — Fuchsel — Fortis — Testa — WhitchuiS 

— Pallas— Saussurc. 

Arabian lorilcrs. — After the decline of the Roman 
empire, the cultivation of physical science was firet 
revived with gome success by the Saracens, about the 
middle of the eighth century of our era. TJie works 
of the most "eminent classic writers were purchased 
at great expense from the Christians, and translated 
into Arabic ; and AJ Mamim, son of the famous 
Harun-al-Rashid, the contemporary of Charlemagne, 
received with marts of distinction, at his court at 
Bagdad, astronomers and men of learning from dif- 
ferent countries. This caliph, and some of his suc- 
cessors, encountered much opposition and jealousy from 
the doctors of the Mahomedan law, who wished the 
Moslems to eonRne their studies to the Koran, dreading 
the effects of the diffiiBion of a taste for the physical 
sciences.* 

• Mod. Univ. Hist. vo\. ii. chap, iv. section iii. 
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Avicenna, — Almost all tlie works of tlie early 
Arabian writers are lost. Amongst those of the tenth 
ceniuryA of which fragments are now extant, is e »ihort 
treatise " On the Formation and Classification of Mine- 
nls," by Avicenna, a physician, in whose arrangement 
there is considerable merit. The second chapter, 
' On the Cause of Mountains," is remarkable ; for 
liuuntains, he says, are formed, some by essential, 
I by accidental causes. In illustration of tbe 
nsential, be instances " a violent earthquake, by which 
hod IB elevated, and becomes a mountain;" of the ac* 
ddeotal, the principal, he says, is excavation by water, 
thereby cavities are produced, and adjoining lands 
made to stand out and form eminences.* 

Omar — Cosmogony of the Koran. — In the same 
Century also, Omar, surnamed " El Aalem," or " The 
Learned," wrote a work on " The Retreat of the Sea." 
It i^pears that on comparing the charts of his own 

e with those made by the Indian and Persian astro- 

nera two thousand years before, he had satisfied 
^umself that important changes had taken place since 
^m times of history in the form of the goasts of Asia, 
|pd that the extension of the sea had been greater at 
former periods. He was confirmed in this 
'Opinion by the numerous salt springs aotl marshes 
.» the interior of Asia,— a phenomenon from which 
nllaa, in more recent times, has drawn the same 



Von Hoff has suggested, with great probability, 
that the changes in the level of the Caspian (some of 

Uonle* ijuandiique fiunt ei causa eaaentiali, quandoque ei 
» icddentiili. Ei essendsU chusb, ut ex vehemenii molu 

Im* clentur Itiira, et fit moiis. AceidenUli, &c De Con. 

me Lapidum, uA. Geilani, I 683. 
c 3 
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which there is Teason to believe have hap]K;ne(l wilhi 
the historical era), and the geological appearances i 
tliat district, indicating the desertion by that sea > 
its ancicDt bed, had probably led Omar to his theo) 
of a general Gubsidence. But whatever may h 
been the proofs relied on, his system was decla 
contradictory to certain passages in the Koran, . 
he wBB called upon publicly ti 
avoid which persecution he went into voluntary bi 
racnt from Samarkand.* 

The CDsmological opinions expressed in the Kora 
are few, and merely introduced incidentally: 
it is not easy to understand how they could hai 
interfered so seriously with free discussion on < 
former changes of the globe. The Prophet decl&n 
that the earth was created in two days, and ll 
mountalos were then placed on it ; and during thea 
and two additional days, the inhabitants of the earl 
were formed ; and in two more the seven heavens. 

• Von Huff, Geschichic der VeranilerungeQ der Erdoberflad 
vid. i. p. «K; who dies Delt<i]e, bej Hismann Welt-and Tolki 
geschicbtB. Allc Cesdi. I'" Tb«il. s. S34. — llie AnUi 
;>era«cnlians for heredcal dogmas in theolog; were otlen vt 
iinguinarj. In tbe auae ages wherein learning vts moat 
esteem, tlic Mahomelans were divided into two seels, one of wbe 
uuunlained thai the Koran was increate, and bad subsisted in t 
veiy essence oT God from all elenuty ; and the other, the MotU 
lilo, wbo, admitting that ibe Konn vns instituted \)j God, ca 
ceired it to bsve been first miulc wben revealed to the Piopbet 
Alecca, and accused their opponent! of believing in two eten 
boDg^ The opioions of each of these setts were taken up I 
diRk(«ot caliphs in succeBioo, and tbe followers of each aoia 
limes submitted to be beheaded, or flagged till at the pmnl 
death, rather than renounce their creed. — Mod. Univ. Hi 



f Konn, chap. ili. 
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There is no more detail of circumstances; and the 
deluge, whidi is also mentioned, is discussed with 
brevity, Tlie waters are represented to have 
foored out of an oveu; a strange fable, said to be 
lorrowed from the Persian Magi, who represented 
as issuing from tlie oven of an old woman." 
&D men were drowned, save Noah and his family ; 
then God said, " O earth, swallow up thy waters ; 
thou, O heaven, withhold thy rain;" and imme- 
diately the waters abated, f 

may suppose Omar to have represented the 
desertioD of tlie land by the sea to have been gradual, 
that his liypothesia required a greater lapse of 
4ges than was consistent with Moslem orthodoxy ; for 
it is to be inferred from the Koran, that man and this 
fjanet were created at the same time; and although 
Hihomet did not limit expressly the antiquity of the 
race, yet he gave an implied sanction to the 
Hotaic chronology by the veneration expressed by 
ID G}t the Hebrew Patriarcbs.J 
A manuscript work, entitled the " Wonders of 
Nature," is preserved in the Iloyal Library at Paris, 
by an Arabian writer, Mohammed Kazwini, who flou- 
lished in tbe seventh century of the Hegira, or at the 
doae of the thirteenth century of our era.§ Besides 
■ereral curious remarks on aerolites, eurtliquakes, and 
the successive changes of position which the land and 

•Sde's Koran, diap. ji. see note. f Ibid. 

t Kom, ipporDted msBler to the Cutiph Al MunQd, wbs ru- 
itoofibook, eniilled " Tlif HisUiy orthc Patriarchs and Pm- 
pM^_/imn Ihe Creadon of the tt'orliL" — Mod. Univ. Hist. vol. ii- 
c)Bp.ii. 
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sea have undergone, we meet with tJie following 
beautiful passage, which is given as the narrative of 
Khidhz, an allegorical personage : — " 1 passed one day by 
a very ancient and wonderfully populous city, and asked 
one of its inhabitants how long it had been founded. 
' It is indeed a mighty city,' replied he, ' we know 
not how long it has existed, and our ancestors were c»t 
this subject as ignorant as ourselves.' Five centuries 
afterwards, at; I passed by the same place, I could not 
perceive the slightest veatige of the city. I demanded 
of a peasant who was gathering herbs, upon its former 
site, how long it had been destroyed. ' In sooth, a 
strange question ! ' replied he. ■ The ground here has 
never been different from what you now behold it,'- 
' Was there not of old,' said I, 'a splendid city here?'* 
' Never,' answered he, ' ao far as we have seen, and n&i 
did our fathers speak to us of any such.' On my retail 
there, 500 years afterwards, / found tlie gea in i 
same place, and on its shores were a party of fisha 
men, of whom I inquired how long the land had be« 
covered by the waters ? ' Is this a question,' i 
they, ' for a man like you? this spot has always be< 
what it is now." I again returned, 500 years afti 
wards, and the sea had disappeared ; I inquired of J 
man who stood alone upon the spot, how long ago tl 
change had taken place, and he gave me the sanv 
answer as I had received before. Lastly, on coming 
back again afler an equal lapse of time, I found there 
a flourishing city, more populous and more rich in 
beautiful buildings than the city I had seen the first 
time, and when I would fain have informed myself 
concerning its origin, the inhabitants answered me, 
' Its rise is lost in remote antiquity : we are ignorant 
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how long it has existed, aod our fathere were on thia 
lobjeot as ignorant as ourselves.'" 

Early ItaUan writers — Fracastato, 1517. — It was 
not till the earlier part of the sixteenth century that 
geological phenomena began to attract the attention 
of the Christian nations. At that period a very 
animated controversy sprung up in Italy, concerning 
the true nature and origin of marine shells, and other 
organized fossils, found abundantly in the strata of the 
peninsula.* The excavations made in 1517, for re- 
pairing the city of VeronEt, brought to light a multitude 
of curious petrifactions, and fiimiBhed matter for 
speculation to different authors, and among the rest 
to Fracastorof , who declared his opinion, that fosail 
tiidla had all belonged to living animals, which had 
formerly lived and multiplied where their exuvis are 
DOW found. He exposed the absurdity of having 
recourse to a certain " plastic force," which it nassaid 
had power to fashion stones into organic forms ; and, 
with no less cogent arguments, demonstrated the 
futility of attributing the situation of the shells in 
qoestion to the Mosaic deluge, a theory obstinately 
defended by some. That inundation, he observed, 
was too transient, it consisted principally of tluviatile 
(raters: and if it had transported shells to great 
distances, must have strewed them over the surlace, 
not buried them at vast depths in the interior of 
mountains. His clear exposition of the evidence 
would have terminated the discussion for ever, if the 
mankind had not been enlisted in the 



Discourse on the Progress of the Study o 
foHJl Condiology in Italy, where some of the following notice 
g Itilian writers will be found more at large. 
^ Mtueum Calceol. 
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dispute; and even though doubts should for a tinwV 
have remained in Eomc minds, they would speedUU| 
have been removed by the fresh information obtainedl| 
alniOBt immediately afterwards, respectmg the structure 
of foasil remains, and of their living analogues 

But the clear and philosophical views of Fracastonfl 
were disregarded, and the talent and argumentatiwej 
powers of the learned were doomed for three 
to be wasted in the discussion of these two simple a) 
preUminary questions : first, whether fossil remains h 
ever belonged to living creatures ; and, second 
whether, if this be admitted, di the phenomena coij 
be explained by the Noachion deluge. It had t 
the consistent belief of the Christian world down I 
the period now under consideration, that the origi 
of this planet was not more remote than a few tfaoi 
sand years ; and that since the creation the deluge m 
the only great catastrophe by which considerab 
change had been wrought on the earth's surface. G 
the other hand, the opinion was scarcely less genen 
that the final dissolution of our system was an eventt 
be looked for at no distant period. The era, it is tm 
of the expected millennium had passed away; and f 
five hundred years after the fatal hour, when tb 
annihilation of the planet had been looked for, it 
monks remained in undisturbed enjoyment of rit 
grants of land bequeathed to them by pious don<» 
who, in the preamble of deeds beginning " appropla 
quante mundi termino" - " appropin quanta c 
judicii die," left lasting monuments of the popula 
delusion. • 

• In the monasteries o( Sicily, in particular, the til 
many vnlijablc granis of lanilari; licadcd by such prean 
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I and to a: 



But although in the sisteenth century it liad become 
I necea&ary to interpret the prophecies more liberally, 
sign a more distant date to the future con- 
of the world, we find, in the speculatioOB of 
I ihe early geologists, perpetual allusion to such an up- 
I proachiog catastrophe ; while in all that regarded the 
[intiquity of the earth, no modification whatever of the 
opinions of the dark ages had been effected. Consider- 
able alarm was at first excited when the attempt was 
made to invalidate, by physical proofs, an article of 
faith so generally received; but there was sufficient 
ipirit of toleration and candour amongst the Italian 
ecclesiastics, to allow the subject to be canvassed with 
much freedom. They entered warmly themselves into 
the controversy, otlen favouring different sides of the 
question ; and however much we may deplore the loss 
of time and labour devoted to the defence of untenable 
positions, it must be conceded, that they displayed far 
less polemic bitterness than certain writers who followed 
them " beyond the Alps," two centuries and a half 



Jfatfto/t — FcUh^io. — The system of scholastic 
disputations encouraged in the Universities of the 
middle ages had unfortunately trained men to habits 
of indefinite argumentation, and they often preferred 
, absurd and extravagant propositions, because greater 
I ikill was required to maintain them ; the end and 



by Ibe lesWWirs about the period when the good King Roger 
:p«11iiig the Ssracens from that i^and, 
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object of such intellectual combatB being victory i 
not truth. No theory could be so far-fetched 
^taatica] as not to attract some foilowers, provided 
fell in with popular notions ; and as cosmogonists m 
not at all restricted, in building their systems, to I 
agency of known causes, the opponents of Fracasti 
met his arguments by feigning imaginary causes, wh: 
differed from each other rather in name than in Bi 
stance, Andrea Maltioli, for instance, an emini 
botanist, the illustrator of Dioscorides, embraced i 
notion of Agricola, a German miner, that a cert 
" materia pinguis," or " fatty matter," set into fermei 
ation by heat, gave birth to fossil organic shapes. 
Mattioli had come to the conclusion, from his 01 
observations, that porous bodies, such as bones 
shells, might be converted into stone, as being 
meable to what he termed the " lapidifying ju 
In like manner, Falloppio of Padua conceived 
petriBed shells had been generated by fermentation 
the spots where they were found, or that they had 
some cases acquired their form from " the tumulti 
movements of terrestrial exhalations." Although' 
celebrated professor of anatomy, he taught 
certain tusks of elephants dug up in his time at 
were mere earthy concretions, and, consistently wil 
these principles, he even went so far as to consider 
not improbable, that the vases of Monte Testaceo 
Rome were natural impressions stamped in the ed3 
In the same spirit, Mercati, who published, in 1574v 
faithful figures of the fosisil shells preserved by Pope 
Sextus V. in the Museum of the Vatican, expressed an 
opinion that they were mere stones, which had assumed 



* De Fosbilib. pp. 1< 
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their peculiar configuration from the iofluence of the 
heayenly bodies : and Olivi of Cremona, who described 
the fossil remains of a rich Museum at Verona, was 
satisfied with considering them mere "sports of nature." 

Cardano, 1552. — The title of a work of Cardano's, 
published in 1552, " De Subtilitate" (corresponding 
to what would now be called Transcendental Philo- 
BOpby), would lead us to expect, in the chapter on 
minerals, many far-fetched theories characteristic of 
that age ; but, when treating of petrified shells, he 
decided that tliey clearly indicated the former aqourn 
■of the sea upon the mountains.* 

Some of the fanciiVil notions of those times were 
deemedlessunreasonable, as being somewhat in harmony 
'"With the Aristotelian theory of spontaneous genera- 
tion, then tauglit in all the schools. For men who had 
been Instructed in early youth, that a large proportion 
o( living animals and plants were Jbrmed from the 
fortuitous concourse of atoms, or had sprung from the 
corruption of organic matter, might easily per- 
suade themselves, that organic shapes, oflen imper- 
fectly preserved in the interior of sohd rocks, owed 
their existence to causes equally obscure and mys- 
terious. 

Cesalpino — Majoli, 1597. — Hut there were not 
wanting some, who, at the close of this century, ex- 
pressed more sound and sober opinions. Cesalpino, a 
celebrated botanist, conceived that fossil shells had 
;been left on tlie land by the retiring sea, and had con- 
creted into Etonc during the consolidation of the soilf ; 
and, in the following year (1597), Simeone Majoli J 
went atill farther, and, coinciding for the most part 

■ Broccbi, Con. Foss. Subsp. Disc, sui Prog. vol. i. p. 5. 

f De Metallieis. \ Dies CiiniculEu^eR. 
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with the views of Cesdpino, suggested that the shel 
and submarine matter of the Veronese, and other dia 
trjcts, might have been cast up upon the land, bg 
volcanic explosions, like those which gave rise, ^"^^ 

1538, to Monte Nuovo, near Puzruoli This hiDtw 

the iirst imperfect attempt to connect the position 
fossil sliells with the agency of volcanos, 
afterwards more fully developed by Hooke, Lazzard 
Moro, Hutton, and other writers. 

Two years afterwards, Imperati advocated the animal 
origin of fossilized shells, yet admitted that stoD< 
could vegetate by force of " an internal principle ; 
and, as evidence of this, he referred to the teeth of 
fish, aod spines of echini found petrified.* 

Palissy, 1580.— Palissy, a French writer on " The 
Origin of Springs from Rain-water," and of otheC- 
scientific works, undertook, in 1580, to combat the 
notions of many of his contemporaries in Italy, that 
petrified shells had all been deposited by the univeraat 
deluge. " He was the first," said Fontenelle, when,- 
ia the French Academy, he pronounced his eulogy, 
nearly a century and a half later, " who dared assert," 
in Paris, that fossil remains of testacea and fish had^ 
oace belonged to marine animals. 

FiMo Cotanna. — To enumerate the multitude rf 
Italian writers, who advanced various hypotheses, all 
equally fantastical, in the early part of the seveDteenth 
century, would be unprofitabiy tedious, but Fabio 
Coloona deserves to be distinguished ; for, although 
he gave way to the dogma, that all fossil remains w 
to be referred to the Noachian deluge, he resisted the 
absurd theory of Stelluti, who taught that fossil wood 

" Sloria Natura!o. 
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wd ammonites were mere clay, altered into Buch tbrma 
^sulphureous waters and subterranean heat; and he 
pointed out the different states of rfiells buried in the 
ttrota, distiaguishiag between, first, the mere mould or 
Kapressioa ; secondly, the cast or nucleus ; and, thirdly, 
the remains of the shell itself. He had aUo the merit 
ei being the first to point out, that some of the fugsils 
bad belonged to marine, and some to terrestrial, 



I 



SieHO, 1669. — But the most remarkable work of 
that period was published by Steno, a Dane, once 
professor of anatomy at Padua, and who afterwards 
resided many years at the court of the Grand Duke of 
Tuscany. His treatise bears the quaint title of " De 
Solido intra Solidum naturaliter contento (1669)," by 
whieh the author intended to express, " On Gems, 
Crystals, and organic Petrifactions inclosed within 
solid Rocks." This work attests the priority of the 
Italian school in geological research ; exemplifying at 
the same time the powerful obstacles opposed, in that 
jge, to the general reception of enlarged views in the 
idenee. It was still a favourite dogma that the fossil 
remains of shells and marine creatures were not of 
animal origin ; an opinion adhered to by many from 
iheir extreme reluctance to believe, that the earth 
could have been inhabited by living beings before a 
great part of the existing mountains were formed. In 
reference to this controversy, Steno had dissected a 
shark recently taken from the Mediterranean, and had 
demonstrated that its teeth and bones were identical 
with many fossils found in Tuscany. He had also 
compared the shells discovered in the Italian strata 
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with living species, pointed out their resemblance, 
and traced the various gradations from shells merely 
calcined, or M-hich had only lost their animal gluten, to 
thoEe petrifactions in which there was a perfect substi- 
tution of stony matter. In his division of mineral 
masses, he insisted on the secondary origin of those 
deposits in which the spoils of animals, or fragments 
of older rocks were inclosed. He distinguished between 
marine formations and those of a fluviatile character, 
the last containing reeda, grasses, or the trunks and 
branches of trees. He argued in favour of the original 
horizontality of sedimentary deposits, attributing their 
present inclined and vertical position sometimes to the 
escape of subterranean vapours, heaving the crust of 
the earth from below upwards, and sometimes to tlie 
&lling in of masses over-lying subterranean cavities. 

He declared that he had obtained proof that Tuscany 
must successively have acquired six distinct configura- 
tions, having been twice covered by water, twice liud dry 
with a level, and twice with an irregular and uneven 
surface." He displayed great anxiety to reconcile his 
new views with Scripture, for which purpose he pointed 
to certain rocks as having been formed before the 
existence of animals and plants; selecting unfortunately 
as examples certain formations of limestone and sand- 
stone in his own country, now known to contain, though 
sparingly, the remains of animals and plants, — strata 
which do not even rank as the oldest part of our 
secondary series. Steno su^ested that Moses, when 
speaking of the loftiest mountains as having been 
covered by the deluge, meant merely the loftiest of the 
hills then existing, which may not have been very high. 

* Sci iCaquc dlatlnclos Ktruriffi facies agnoacimu^, dum bif 
fluids, Ilia plana, et sicca, bis aspera fuerit, &i^. 
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supposed, may have issued 
of the earth into which they had 
retired, when in the beginning the land was separated 
liom the sea. These, and other hypotheses on the 
suae subject, are not calculated to enhance the value 
of the treatise, and could scarcely fail to detract from 
ihr authority of those opinians whieh were sound and 
It^timate deductions from fact and observation. They 
have served, nevertheless, as the germs of mauy 
popular theories of later tinoes, and in an expanded 
fcroi have been put forth as original inventions by 
»me of our contemporaries. 

Srilla, 1670. — Scilla, a S-icilian painter, published, 
ta 1670, a work on tlie fossils of Calabria, illustrated by 
good engravings. This was written in Latin, with 
peal spirit and elegance, and it proves tlie continued 
ascendency of dogmas often refuted ; for we find the 
wit and eloquence of the author chiefly directed 
against the obstinate incredulity of naturalists as to 
the oi^anic nature of fossil shells.* Like many 
enunent naturalists of his day, Scilla gave way to the 
popnlar persuasion, that all fossil shells were the effects 
and proo& of the Mosaic deluge. It may he doubted 
whellier be was perfectly sincere, and some of his con- 
temporaries who took the same course were certainly 
not so. But so eager were they to root out what they 
JMtly considered an absurd prejudice respecting the 
nature of organized fossils, that they seem to have 

'Scilla quotes the remark of Cicero on ibe story that a staae in 
Cbiis bad been cleft open, nnd presented thu head of Puniscua in 
telitf; — "I believe," said ihc orator, " Ilmt the figure bore some 
IWrnhlaneeto Paniscus, but roi such that you would have deemed 
* xulptured by Scopas ; for chan-ce naver perfectly imitates the 
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been ready to make any conccssioDS, in order 
establish this preliminary point. Such a compromisil 
policy was short-sighted, since it was to little purpoi 
that the nature of the documents should at length I 
correctly understood, if men were to be prevent* 
from deducing fair conclusions from them. 

DUumal Theory. — The theologians who novr enter 
the field in Italy, Germany, France, and England, wa 
innumerable ; and hencetbrward, they who refused < 
subscribe to the position, that all marine organic t 
mainB were proofs of the Mosaic deluge, were expose 
to the imputation of disbelieving the whole of 1 
sacred writings. Scarcely any step had been made J 
^proximating to sound theories since the time < 
Fracastoro, more than a hundred years having 1 
lost, in writing down the dogma that organized foss 
were mere sporCs of nature. An additional period • 
a century and a half was now destined to be consum 
in exploding the hypothesis, that organized fossils h 
all been buried in the solid strata by the Noachi 
flood. Never did a theoretical fallacy, in any bran 
of science,, interfere more seriously with accon 
observation and the systematic classification of ike 
In recent times, we may attribute our rapid prt^e 
diieQy to the careful determination of the order i 
Buccessioo in mineral masses, by means of the 
different organic contents, and their regular 
position. Dut the old diluvialists were induced I 
their system to confound all the groups nf strata U 
gether instead of discriminating, — to refer all a 
ances to one cause and to one brief period, not to 
variety of causes acting throughout a long s 
of epochs. They saw the phenomena only f 
desired to see them, sometimes misrepresenting fact! 
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kd at other times deducing false conclusions from 
■errect data. Under the influence of such prejudices, 
Bree centuries were of as little avail as a few years 
h our own times, when we are no longer required to 
lK^>el the vessel against the force of an adverse 

r It may be well to forewarn the reader, that in tracing 
thehistory of geology from the close of the seventeenth 
U the end of the eighteenth century, he must expect 
In be occupied with accounts of the retardation^ as 
^dl as of the advance of the science. It will be necee- 
nry to point out tho frequent revival of exploded 
Rn'orB, and the relapse from sound to the most absurd 
tptnions; and to dwell on tiitile reasoning and visionary 
bypothesis, because some of the most extravagant sys- 
tems were invented or controverted by men of acknow- 
ledged talent. In short, a sketch of the progress of 
Geology is the history of a constant and violent 
Hn^le between new opinions and ancient doctrines, 
sanctioned by the impUcit faith of many generations, 
and supposed to rest on scriptural authority. The 
inquiry, therefore, although highly interesting to one 
who studies the philosophy of the human mind, is 
tiM often barren of instruction to him who searchee 
for truths in physical science. 

Qidrini, 1676. — Quhini, in 1676*, contended, in 
sttioR to Sciila, that the diluvian waters could not 
conveyed heavy bodies to the sunmiit of moun- 
since the agitation of the sea never (as Boyle 
bd demonstrated) extended to great depthaf ; and 

* De Tstoceia foesiltbus Mus. Septaliani. 

t TheopinuniB or BoyU, alluded to b^ Quirini, were published 

■6« jaa before, in b sboct article entitled •< On the Botlam of 

I tteSc*." R^nuobsertuionscDliectedfrom the divers of thepeorl 
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atill lees could the testacea, as some pretended, haij 
lived in these diluvian waters, for "the duration of the' 
flood was brief, and tite heavy raijis must have destroyed 
the saltness of the sea ! " He was the first writer who 
ventured to maintain that the universality of the 
Noachian cataclysm ought not to be insisted upon. As 
to the nature of petrified shells, he conceived that as 
earthy particles united in the sea to form the shells of 
mollusca, the same crystallizing process might be 
effected on the land ; and that, in the latter case, the 
germs of the animals might have been disseminated 
through the substance of the rocks, and afterwards 
developed by virtue of humidity. Visionary as was 
tliis doctrine, it gained many proselytes even amongst 
the more sober reasoners of Italy and Germany ; for it 
conceded both tliat fossil bodies were organic, and thai 
the diluvial theory could not account for them. 

Plot — Lister, 1678. — In the mean time, the doc- 
trine that fossil shells had never belonged to real 
animals maintained its ground in England, where 
the agitation of the question began at a much later 
period. Dr. Plot, in his " Natural History of Oxford- 
shire" (1677), attributed to a " plastic virtue latent 
in the earth " the origin of fossil shells and fishes ; and 
Lister, to his accurate account of British shellsi in 
1678, added the fossil species, under the appellation of 

fishery, Boyle inrerred that when the WBvea were six or Beren feet 
high above llii- Burfsce of the water, there were no ^igna of Sta- 
tion Rt the duplb of Rfteen tathonvi ; and that eien during heav; 
gdles of wind, the motion of the water was exceedingly dimioiabed 
M the depth of twelve or fiflcen feet. Hs had alio leamt from 
MHne of his informants, that there were currents running in oppo- 
■ite direclions at different tlepchs. — Boyle's Works, vol. lii. p.llO. 
London, 1T44, 
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turbinated and bivalve atones. " Either," said hei 
" these were terriginous, or, if otherwise, the animals 
tiiey so exactly represent fiave become extinct." This 
writer appears to have been the firet u'ho was aware 
of the continuity over large districts of the principal 
groups of strata in the British serieB, and who pro- 
posed the construction of regular geological maps.* 

Ijohnitz, 1680. — The great mathematician Leibnitz 
published his " Protogoea" in 1680. He imagined this 
planet to have been originally a burning luminous 
mass, which ever since its creation has been im- 
dergoing refrigeration. When the outer crust had 
cooled down sufficiently to allow the vapours to be 
condensed, they fell, and formed a universal ocean, 
covering the loftiest mountains, and investing the 
whole globe. The crust, as it consolidated from a 
state of fusion, assumed a vesicular and cavernous 
structure ; and being rent in some places, allowed the 
water to rush into the subterranean hallows, whereby 
the level of the primeval ocean was lowered. The 
breaking in of these vast caverns is supposed to have 
given rise to the dislocated and deranged position 
of the strata "which Steno had described," and the 
same disruptions communicated violent movements to 
the incumbent waters, whence great inundations ensued. 
The waters, afler they had been thus agitated, deposited 
their sedimentary matter during intervals of quiescence, 
and hence the various stony and earthy strata. " We 
may recognize, therefore," says Leibnitz, " a double 
origin of primitive mosses, the one by refrigeration from 
igneous fusion, the other by coucretion from aqueous 

I * See tli. Conybeare's excellent IntroducEion \,o Ihe " Outlines 
of the Geology or England Bcd Wales," p, 12. 
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solution." * By the repetition of similar causes (t^ 

diaruptlon of the crust and consequent floods), alterna- 
tions of new strata were produced, until at length 
these causes were reduced to a condition of quiescent , 
equilibrium, and a more permanent state of things wa^l 
established, t ' I 

Hooke, 168S — The " Posthumous Works of Robert 
Hooke, M.D.," well known as a great mathematician 
and natural philosopher, appeared in 1705, containing 
" A Discourse of Earthquakes," which, we are in- 
formed by his editor, was written in 1668, but revised 
at subsequent periods. J Hooke frequently refers to 
the best Italian and English authors who wrote before 
his time on geological subjects ; but there are noi 
passages in his works implying that he participated iiP 
the enlarged views of Steno and Lister, or of his c(w 
temporary, Woodward, in regard to the geographicof 
extent of certain groups of strata. His treatise, how= 
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in regard to the causes of former changes i 
oi^nic and inorganic kingdoms of nature. 

" However trivial a thing," he says, " a rotten shel 
may appear to some, yet these monuments of naturi 

* Unde jam duples ango intelligitiir primorum corponim, lu 
cuia atf ignij fusiane refdgesceront, alleia, cum rtconcresceraidL 
ei.sqlutione aquaruia. 

f RedcuDte moir simili caosi strata sabinde alia aliis inipoiI»>< 



quia 



i, sujuB ffiquUibraCis, consistentior e: 



mergi 
— For an able analysis of Ihe riews of Leibnit^ 
bis Protogrea, see Mr. Can^beare'a Report on tJie Progieu 
GeolDgical Science, I83S. 

i Betire«n theyearlSSS and his death, in 1T03, her 
memoirs to (he Royal Society, and delivered lectures 
tubjerls, relating to fossil remains and the eflecls of eanbquakw 
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are more certain tokens of antiquity tlian coins or 
medals, since the best of those may be counterfeited 
or made by art and design, as may also books, manu- 
acripta, and inscriptions, as all the learned are now 
sufficiently satisfied has often been actually practised," 
&c. ; " anil though it must be granted that it is very 
difficult to read them (the records of nature) and 
lo raise a chronologij out of tliem, and to state the 
intervals of the time wherein such or such cata- 
strophes and mutations have happened, yet it is not 
impoBsible." " 

HU theori/ i^ the extinction of Species. — Respecting 
the extinction of species, Hooke was aware that the 
fossil ammonites, nautili, and many other shells and 
fossil skeletons found in England, were of different 
species from any then known ; but he doubted whether 
the species had become extinct, observing that the 
knowledge of naturalists of all the marine species, 
especially those inhabiting the deep sea, was very 
deficient. In some parts of his writings, however, he 
leans to the opinion tliat species had been lost ; and, 
in speculating on this subject, he even suggests that 
there might be some connexion between the disap- 
pearance of certain kinds of animals and plants, and 
the changes wrought by earthquakes in former ^es. 
Some species, he observes with great sagacity, are 
" peculiar to certain places, and not to be found else- 
where. If, then, such a place had been swallowed up, 
it is not improbable but that those animate beings may 
have been destroyed with it ; and this may be true both 
of serial and aquatic animals; for those animated 
bodies, whether vegetables or animals, which were 
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with various original observations. Earthquakes, I 
suggested, might have been the second ci 
ployed at the creation, in separating the land froni l3 
waters, and in gathering the waters together into o 
place. He mentions, like Hooke, the earthquake i 
16^1 which had violently shaken the Andes for bi 
hundreds of ]eagueE,andniade many alterations therel 
In assigning a cause for the general deluge, he 
ferred a change in the earth's centre of gravity to tl 
introduction of earthquakes. Some unknot 
he said, might have forced the subterranean watd 
outwards, as was, perhaps, indicated by " the breakid 
up of the fountains of the great deep." 

Ray was one of the first of our writers who e: 
upon the efi'ects of running water upon the land, i 
of the encroachment of the sea upon the shores, 
important did he consider the agency of these caui 
that he saw in them an indication of the tendency I 
our system to its final dissolution ; and he wonder 
why the earth did not proceed more rapidly towards' 
general submersion beneath the sea, when 6 
matter was carried down by rivers, or undermined i 
the sea-cliffs. We perceive clearly from his writingi 
that the gradual decline of our system, and its futm 
consummation by fire, was held to be as necessary ai 
article of faith by the orthodox, as was the rece 
origin of our planet. His discourses, like those ( 
Hooke, are highly interesting, as attesting the familii 
association in the minds of philosophers, in the t^e d 
Newton, of questions in physics and divinity. 
gaye an unequivocal proof of the sincerity of his n 
by aacrificing bis preferment in the church, rather thai 
take an oath against the Covenanters, which he covii 
not reconcile with his conscience. His reputation) 
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It was objected to Hooke, that liis doctrine of the 
extinction of species derogated from the wisdom and 
power of the Omnipotent Creator ; but he answered, 
that, aa individuals die, tliere may be some tLTmination 
to the duration of a species ; and his opinions, he 
declared, were not repugnant to Holy Writ : for the 
Scriptures taught that our system was degenerating, 
and tending to its final dissolution ; " and as, when that 
disll happen, all the species will be lost, why not some 
Mone time and some at another?"' 

Hii theory of t/ie effects of earthquakes. — But his 
principal object was to account for the manner in which 
ebetls had been conveyed into the higher parts of 
" the Alps, Apennines, and Pyrenean hills, and the 
interior of continents in general." These and other 
l^ipearances, he said, might have been brought about 
by earthquakes, " which have turned plains into moun- 
tains, and mountains into plains, seas into land, and 
) seas, made rivers where there were none 
■4>efore, and swallowed up others that formerly were, 
I ftc &C. ; and which, since the creation of the world, 
( wrought many great changes on the superficial 
s of the earth, and have been the Instruments of 
Being shells, bones, plants, fishes, and the like, in 
e jilaces where, with much astonishment, we find 
" I This doctrine, it is true, had been laid down 
in terms almost equally explicit by Strabo, to explain 
1 the occurrence of fossil shells in the interior of con- 



BMdelhcre of fowil an! tnals and vegetables, by Mr. Crawfurd and 
ft. Wdlicli. — See Geol. Trans, vol. ii. pari ii[. p. S77. second 
nit*. He la Hire cites Father Duchati, in Uie second yolume 
■dl " Obnnations made in ihe Indies b; the JesuitE." 
I *Fbctli. Works, Lecture May 39. 1689. -|-FoBlh. Worlu,p.312, 



vith various original observations. Earthquakes, hi 

GUggestetl, might have been the second causes en 
ployed at the creation, in separating the land fi-om tJ 
waters, and in gathering the waters together into oi 
place. He mentions, lilie Hooke, tlie earthquake i 
164f6i which had violently shaken the Andes for soH 
hundreds of leagues, and made many alterations tlierei 
In assigning a cause for the general deluge, he p» 
ferred a cliange in the earth's centre of gravity to U 
introduction of earthquakes. Some unknown caud 
he said, might have forced the subterranean wate 
outwards, as was, perhaps, indicated by " thi 
up of the fountains of the great deep." 

Ray was one of the first of our writers whi 
upon the effects of running water upon the land, 
of the encroachment of the sea upon the shores. { 
important did he consider the agency of these cause 
that he saw in them an indication of the tendency i 
our system to its final dissolution ; and he wondere 
why the earth did not proceed more rapidly towards 
general submersion beneath the sea, when so inuG 
matter was carried down by rivers, or undermioed i 
the sea-cliffs. We perceive clearly from his writing! 
that the gradual decline of our system, and its futui 
consummation by fire, was held to be as necessary a 
article of faith by the orthodox, as was the receii 
origin of our planet. His discourses, like those c 
Hooke, are highly interesting, as attesting the fsmiltl 
a9sociati()n in the minds of philosophers, in the age il 
Newton, of questions in physics and divinity. 
gave an unequivocal proof of the sincerity of his 
by sacrificing his preferment in the church, rather thi 
take an oath against the Covenanters, which he cou 
not reconcile with his conscience. His reputation, 
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moreover, in the scientific world placed liim high above 
the temptation of courting popularity, by pandering to 
tile physlco-theological taste of his age. It is, there- 
IfKi curious to meet with so many citations t'roni the 
Christian fathers and prophets in his essays on physical 
idence — to find him in one page proceeding, by the 
:t rules of induction, to explain the former changes 
the globe, and in the next gravely entertaining the 
hetlier the sun and stars, and llie whole 
ivens, shall be annihilated, together with the earth. 
It ihe era of the grand confiagration. 

Woodward, 1695.- — Among the contemporaries of 
flooke and Ray, Woodward, a professor of medicine, 
lad acquired the most extensive information respecting 
1^ geological structure of the crust of the earth. He 
lltd examined many parts of the British strata with 
^nte attention ; and his systematic collection of spe< 
AU, bequeathed to the University of Cambridge, 
still preserved there as arranged by him, shows 
far he had advanced in ascertaining the order of 
fVperposition, From the great number of facts col- 
lected by him, we might have expected his theoretical 
to be more sound and enlarged than those of his 
Gmtemporaries ; but in his anxiety to accommodate all 
(bserved phenomena to the scriptural account of the 
Creation and Deluge, he arrived at most erroneous 
results. He conceived " the whole terrestrial globe to 
have been taken to pieces and dissolved at the flood, 
md the strata to have settled down from this promis- 
cuous mass as any earthy sediment from a fluid."* In 
corroboration of these views, be insisted upon the fact, 
Jjiat " marine bodies are lodged in the strata according 

*EHaytowBr<Ia a Namtal History of tbe EanJi, 1695. Prefuce. 



with Tarious original observations. Eartliqualtes, bei 
suggested, might have been the second cause: 
ployed at the creation, in separating the land from thK 
waters, and in gathering the waters togetlier into oai 
place. He mentions, like Hooke, the earthquake dC 
1646, which had violently shaken the Andes for sontti 
hundreds of leagues, and made many alterations tliereiA 
In assigning a cause for tlie general deluge, he prei' 
ferred a change in the earth's centre of gravity to thft 
introduction of earthquakes. Some unknown caus^'. 
he said, might have forced the subterranean wateili' 
outwards, as was, perhaps, indicated by " the brcakii^. 
up of the fountains of the great deep," 

Ray was one of the first of our writers who enlai^ed 
upon the effects of running water upon the land, and 
of the encroachment of the sea upon the shores. So 
important did he consider the agency of these caused 
that he saw in them an indication of the tendency oC 
our system to its final dissolution ; and he wondered 
why the earth did not proceed more rapidly towards 
general submersion beneath the sea, when so muC 
matter was carried down by rivers, or undermined i 
the sea-cliffs. We perceive clearly from his writing; 
that the gradual decline of our system, and its futin 
consummation by fire, was held to be as necessary ail 
article of faith by the orthodox, as was the recent' 
origin of our planet. His discourses, like those rf 
Hooke, are highly interesting, as attesting the fai 
association in the minds of philosophers, in the age oC 
Newton, of questions in physics and divinity. RaT 
gave an unequivocal proof of the sincerity of his mind, 
by sacrificing his preferment in the church, rather than 
take an oath gainst the Covenanters, which he could 
not reconcile with his conscience. His reputation, 
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moreover, in the scientific world placed him iiigli above 
tbe temptation of courting popularity, by pandering to 
the physico-theological taste of his age. It is, there- 
tute, curious to meet wiiJt so many citations from the 
Christian fathers and prophets in his essayi; on physical 
Icieace — to find him in one page proceeding, by the 
jtrict rules of induction, to explain the farmt:r changes 
tf the globe, and in the next gravely entertaining the 
, whether the sun and stars, and the whole 
Ivavens, shall be annihilated, together with the earth, 
St the era of the grand contlagvation. 

Woodward, 1695. — Among the contemporaries of 
llooke and Ray, Woodward, a professor of medicine, 
d acquired the most eKtcDsive iaformation respecting 
(Ik geoli^ical structure of the crust of the earth. He 
i examined many parts of the British strata with 
Qute atteutioD ; and his systematic collection of spe- 
lens, bequeathed to the University of Cambridge, 
1 still preserved there as arranged by hira, shows 
w far he had advanced in ascertaining the order of 
rq)erpositioa. From the great number of facts col- 
1 by him, we might have expected his theoretical 
jiews to be roore sound and enlarged than those of his 
conleitiporaries ; hut in his anxiety to accommodate all 
fbserved phenomena to the scriptural account of tlie 
1 and Deluge, he arrived at most erroneous 
He conceived " the whole terrestrial globe to 
have been taken to pieces and dissolved at the Hood, 
d the strata to have settled down from this promiS' 
oug mass as any earthy sediment from a fluid."* In 
gorraboration of these views, he insisted upon tlie fact, 
" marine bodies are lodged in the strata according 

'Esaytowanka Natural History ofllieEarlli, 169J;. PrE^fuce. 



wherein the Creation of the World in Six Days, tl 
Universal Deluge, and the Geoertd Conflagration, j 
laid down in the Holy Scriptures, are shewn to ) 
perfectly agreeable to Reason and PJiiloBOphy." 1: 
was at first a follower of Burnet ; but his faith in tl 
in&llibility of tiiat writer was shaken by the declan 
opinion of Newton, that there was every presumptit 
in astronomy against any former change in the iiiclit) 
tion of the earth's axis. This was a leading dogma 
Burnet's system, though not original, for it w 
borrowed from an Italian, Alessandro degli Alessand 
who had suggested it in the beginning of the fifteen: 
century, to account for the former occupation of tl 
preeent continents by the sea. La Place has sin 
strengthened the arguments of Newton, against tl 
probability of any former revolution of this kind. 

The remarkable comet of 1680 was fresh in tj 
memory of every one when Whiston first began I; 
cosmological studies, and the principal novelty of i 
speculations consisted in attributing the deluge to tl 
near approach to the earth of one of these erratic bodii 
Having ascribed an increase of the waters to tl] 
Bource, he adopted Woodward's theory, supposing i 
stratified deposits to have resulted from the " chao< 
sediment of the flood." Whiston was one of the fii 
who ventured to propose that the text of Genei 
should he interpreted differently from its ordina 
acceptation, so tliat the doctrine of the earth havii 
existed long previous to the creation of man might i 
longer be regarded as unorthodox. He had the b 
to throw an air of plausibility over the most improbafa 
parts of his theory, and seemed to be proceeding in tl 
most sober manner, and by the aid of mathemati< 
demonstration, to the establishment of hii 
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propositioas. Ia)cke pronounced a panegyric on his 

rtieory, commeinling him for having explained so many 

Dderful and before inexplicable things. His book, 

well ae Burnet's, was attacked and refuted by 

Keill.* Like all who introduced purely hypothetical 

s to account for natural phenomena, Wliiston 

KUrded the progress of truth, diverting men from the 

■Bresligation of the laws of sublunary nature, and in* 

Aicbg them to waste time in speculations on the 

■ of comets to drag the waters of the ocean over 

tteland — on the condensation of the vapours of their 

lis into water, and other matters equally edifying. 

HvtchinsoH, 1724. — John Hutchinson, who had 

teen employed by Woodward in making his collection 

SffossilR, published afterwards, in 1724, the first part 

of his " Moses's Principia," wherein he ridiculed 

Woodward's hypothesis. He and his numerous fol- 

l6vers were accustomed to declaim loudly against 

n learning; and they maintained that the Hebrew 

Kiiptures, when rightly traaslated, comprised a perfect 

qrstem of natural philosophy, for which reason they 

Ejected to the Newtonian theory of gravitation. 

Celittus. — Andrea Celsius, the Swedish astronomer, 

published about this time his remarks on the gradual 

inution of the waters in the Baltic, to which I 

1 hate occasion to advert more particularly in the 

l»qoel.t 

SehtrteAeer, 1708. — In Germany, in the mean time, 
Sdieuchzer laboured to prove, in a work entitled " The 
Complaint of the Fishes" (1708), that the earth had 
remodelled at the deluge. Pluche also, in 1732, 
E to the same effect ; while Holbach, in 1753, after 
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considering the various attempts to refer all the ancient 
formations to the Noachian flood, exposed the in- 
adequacy of this cause. 

Imlian Geologisti—Vallinmri — It is with pleasure 
tiiat I return to the geologists of Italy, who preceded, 
as has been already shewn, the naturalists of other 
countries in their investigations into the ancient history 
of the earth, and who still maintained a decided preemi- 
nence. They refilled and ridiculed the physico-theo- 
logical systems of Burnet, Whiston, and Woodward*; 
whileVallisneri-f-, in his comments on the Woodwardian 
theory, remarked how much the interests of religion, 
as well as those of sound philosophy, had suffered \iy 
perpetually mixing up tlie sacred writings with queS' 
tions in physical science. The works of this authdc 
were rich in original observations. He attempted the 
first general sketch of the marine deposits of Italy, 
their geographical extent, and most characteristie 
organic remains. In his treatise " On the Origin of 
Springs," he explained their dependence on the ordeff 
and often on the dislocations of the strata, and reasoned 
philosophically against the opinions of those who 
garded the disordered state of the earth's crust 
exhibiting signs of the wrath of God for the sins of 
man. He foimd himself under the necessity 
tending, in his preliminary chapter, against St Jerom^ 
and four other principal interpreters of Scripti 
besides several professors of divinity, " that spi 

• Rammziiii even ai-eurted, tl 
borrowed from n dialogue of one Fatrizio) but 
ing thai diologuu, assures us, that thert wgs sea 
respondenco between these sjstcnis, eicept tlia 
wlumiical. 

f Da Corpi Mttrioi, Leltere critiche, &)v 1 
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did not flow by subterranean siphons and cavities from 
tbe s«a upwards, losing their saltness in the passage," 
for this theory had been made to rest on the infallible 
testimony of Holy Writ. 

Although reluctant to generalise on the rich materials 
accumulated in his travels, Vallisneri had been so much 
Struck with the remarkable continuity of the more 
Rcent marine strata, from one end of Italy to the 
other, that he came to the conclusion that the ocean 
ftirmerly extended over the whole earth, and after 
btding there for a long time, had gradually subsided. 
Tliis opinion, however untenable, was a great step be- 
jfoad Woodward's diluvian hypothesis, against which 
vallisneri, and after him all the Tuscan geologists, 
miformly contended, while it was warmly supported 
y the members of the Institute of Uologna.* 
Among others of that day, Spada, a priest of Grez- 
I, in 1737, wrote to prove that the petrified marine 
es near Verona were not diluvian. -j- IMattani 
r a similar inference from the shells of Volterra 
nd other places; while Costantini, on the other hand, 
whose observations on the valley of the Brcnta and 
Btber districts were not without value, undertook to 
vindicate the truth of the delugt, as also to prove that 
Italy had been peopled by the descendants of Japhet.;): 
Moro, 17*0. — Lazzaro Moro, in his work (published 
in 17W) " On the Marine Bodies which are found in 
the Mountains j," attempted to apply the theory of 
earthquakes, as expounded by Strabo, Pliny, and 
other BDcient authors, with whom he was familiar, to 
the geological phenomena described by Vallisneri.|j 

• BrDCchi, p. 28. t Ibid. p. 33, f !'■'<'■ P- ^■ 

( Sui Cnntaci!! ed altri Corpi Marini che si trovano sui Monti. 
I Hon itoes not cite the works of Hooke and Itsf ; and *1. 
» 6 
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His attention was awakened to the elevating powscfl 
of subterranean forces by a remarkable plienomeiMW,-| 
which happened in his own time, and wliich had al>Q| 
been noticed by Vallisneri in his letters. A oct 
island rose in 1707 from a deep part of the sea neai 
Santorino in the Mediterranean, during contiuuM 
shocks of an earthquake, and, increasing rapidly a 
size, grew in less than a tnontli to be half a mile it 
circumference, and about twenty-five feet above high 
water mark. It was soon afterwards covered by vol 
canic ejections, but, when first examined, it was foiu^ 
to be a white rock, bearing on its surface living oysteil 
and Crustacea. In order to ridicule the various theoria 
then in vogue, Moro ingeniously supposes the arrivi 
on this new isle of a party of naturalists ignorant i 
its recent origin. One immediately points to ihtu 
marine shells, as proofs of the universal deluge; anothet 
aigues that they demonstrate the former residence oj 
the sea upon tho mountains ; a third dismisses tha 
as mere tports of iialnre; while a fourth affirms, tbfl 
they were born and nourished within the rock ii 
ancient caverns, into which salt water had been raised! 
in the shape of vapour by the action of subterraneu^ 
heat. 

Moro pointed with great judgment to \.\\efanUs aa&l 
dislocations of the strata described by Vallisneri, ! 
the Alps and other chains, in confirmation of hi 
doctrine, that the continents had been heaved up b 

though so tnaiiy of his views were in atcorilanco with theirs, t 
iirai [irobably ignorant of Ihcir wriiinps. for Ihey had not bee 
traniUted. As he nlways refers to the Latin edition of BurM 
^nd a French translslian of Woodward, we may presume thM I 
jitd not read English. 
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GtturtiiiM iUwUrfUu/nM of M*rr*i, I'JVi. '\\,t rt ■/',*. 
01 Moro waA *fgxx*nu*..'t ^,rf,..z, ^f,fi, »>>< //'«*»/,r., «>./,, 
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but he hail stuilied sufficiently to enable him to confitm 
the opiuiona of Moro by arguments from other writers j 
and hie selection of the doctrines then best established 
is so judicious, that a brief abstract of them cannot 
tkil to be acceptable, as illustrating the state of geology 
in Europe, and in Italy in pu-ticular, before the middle 
of the last century. 

The bowels of the earth, says he, have carefully 
preserved the memorials of past events, and this truth 
the marine productions so frequent in the hills attest. 
From the reflections of Lazzaro Moro, we may assure 
ourselves that these are the effects of earthquakes in 
paat times, whicli have changed vast spaces of sea into 
terra firma, and inhabited lands into seas. In this, 
more than in any other department of physica, are 
observations and experiments indispensable, and we 
must diligently consider facts. The land is known, 
wherever we make excavations, to be composed of 
different strata or soils placed one above the other, 
some of sand, some of rock, some of chalk, others of 
marl, coal, pumice, gypsum, lime, and the rest. These 
ingredients are sometimes pure, and sometimes ctm- 
fusedly intermixed. Within are oflen imprisoned 
different marine fishes, like dried mummies, and iR(ffe 
frequently shells, Crustacea, corals, plants, &c. not 
only in Italy, but in France, Germany, England, 
Africa, Asia, and America. Sometimes in the lowest, 
Bometimes in the loftiest beds of the earth, some upon 
the mountains, some in deep mines, others near the 
sea, and others hundreds of miles distant from i 
But there are, in some districts, rocks wherein nftJ 
marine bodies are found. The remains of animdt)] 
consist chiefly of their more solid parts, and the n 
rocky strata must have been soft when such exuviflt I 
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were inclosed in them. Vegeluble productions ore 
found in difi'erent states of maturity, indicating that 
they were imbedded in different seaeans. ElephantSt 
elks, and other terrestrial quadrupeds, have been 
found in England and elsewhere, in superficial strata, 
never covered by the sea. Alternations are rare, yet 
not without example, of marine strata, and those which 
contain marshy and terrestrial productions. Marios 
animals are arranged in the subterraneous beds with 
admirable order, in distinct groups, oysters here, 
dentalia or corals there, &-c. as now, according to 
Marailli*, on the shores of the Adriatic. We must 
abandon the doctrine, once so popular, nhich denies 
that organized fossils were derived Irom living beings, 
and we cannot account for their present position by the 
ancient theory of Strato, nor by that of Leibnitz, nor 
by the universal deluge, as explained by Woodward 
and others ; " nor is it reasonable to call the Deity 
Espriciously upon the stage, and to make liim work 
BiirBcleE for the sake of confirming our preconceived 
hypotheses." — "I hold in utter abomination, moat 
teamed Academicians t those systems wJiich are built 
'with their foundations in the air, and cannot be propped 
tip without a miracle; and I undertake, with the as- 
«tBtance of Moro, to explain to you, how these marine 
.animals were transported into the mountains by natural 
causes." f 

A brief abstract then follows of Moro's theory, by 
Irhich, says Generelli, we may explain all the phe- 

• Saggio fisico intonio alia Storia del Mare, part i. p. '24. 

febbricalo in aria ; masuiue quando ^ lale, cbe noti JHJSia sosle- 
nersi cetiza un miracolo, Ac. — De' Croatacei e di altre Prodiu. 
M Marc, &c 1749. 
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nomena, as Vallianeri so ardently desireil, "witho\ 
violenee, without ^fictions, without hypotheses. 
miracles."* The Carmelitan then proceeds to 8trug( 
against an obvious objection to Moro's syster 
dered a^ a method of explaining the revolutions of tj 
e&Ttb, naturalli/. If earthquakes have been the agei 
of such mighty changes, how does it happen that tha 
eSects since the times of history have been so inc 
Biderable ? This same difKculty bad, as wc have se 
presented itself to Hooke, half u century before, i 
forced him to resort to a. former " crisis of natures 
but Generclli defended his position by shewing hi; 
numerous vrere tEie accounts of eiuptions and eai 
quakes, of new islands, and of elevations and i 
sidences of land, and yet how much greater a num 
of like events must have been unattested and uni 
corded during the last six thousand ye; 
appealed to Valiisneri as an authority to prove tbi 
the mineral masses containing shells bore, upon t 
whole, but a small proportion to those rocks which w« 
destitute of organic remains ; and the latter, says t 
learned monk, might have been created as they noi 
exist, in the beginning. 

Generelli then describes the continual waste i 
mountains and continents, by the action of rivers s 
torrents, and concludes with these eloquentand origi 
observations : — " Is it possible tliat this waste shod 
have continued for six thousand, and perhaps a greate 
number of years, and that the mountains should remai 
so great, unless their ruins have been repaired ? 
credible that the Author of Nature should have founde 
the world upon such laws, as that the dry land aboul 

• " Senia vi( 
coli." De' Cro! 



br ever be gratving smaller, and at laet became wholly 
nbioei^ed beneath the waters t Is it credible that, 
tmid so many created things, the mountains alone 
ihauld daily diminish in number and bulk, without there 
btb^ any repair of their losses? This would be con- 
iriry to that order of Providence which is seen to reign 
ia^ other tbiogs in the universe. Wherefore 1 deem 
ll just to conclude, that the same cause which, in the 
beginning oftime, raised mountains from the abyss, has, 
dtnm to the present day, continued to produce others, 
ia order to restore from time to time the losses of all 
mc^as i'ink down in different places, or are rent asun- 
iler, or in other way suffer disintegration. If tliis be 
■dmitted, we can easily understand why there should 
unr be found upon many mountains so great a number 
of Crustacea and other marine animals." 

Hie reader will remark, that although this admirable 
eniy embraces so large a portion of the princijiol ob- 
JKts of geological research, it makes no allusion to the 
eninctioa of certain classes of animals ; and it is evi- 
dent that DO opinions on this head bad, at that time, 
pined a firm footing in Italy. Tliat Lister and other 
English naturalists should long before have declared 

liivour of the loss of species, while Scilla and most 
idT his countrymen hesitated, was perhaps natural, since 
Italian museums were filled with fossil shells belong- 
Bpeciea of which a great portion did actually exist 
Mediterranean ; whereas the English collectors 
obtain no recent species from such of their own 
|ttrat> as were then explored. 

The weakest point in Moro's system consisted in 
deriving a/Mhe stratified rocks from volcanic ejections; 

absurdity which lua opponents took care to expose. 
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especially Vito Amici.* Moro seems to have been 
misled by his anxious liesJre to represent ttie form- 
ation of secondary rocks as having occupied an ex- 
tremely short period, while at the same time he wished 
to employ known agents in nature. To imagine torrenld 
rivers, currents, partial floods, and all the operationa 
of moving water, to have gone on exerting an energy 
many thousand times greater tlian at present, would 
have appeared preposterous and incredible, and would 
have required a hundred violent hypotheses; but we are 
80 unacquainted with Che true sources of subterranean 
disturbances, that their former violence may in theory 
be multiplied indefinitely, without its being possible to 
prove the same manifest contradiction or absurdity 
in the conjecture. For this reason, perhaps, Moro 
preferred to derive the materials of the strata from 
volcanic ejections, rather than from transportation by 
running water. 

MarHllu — Marsilli, in the work above alluded to by 
Generelli, had been prompted to institute inquiries 
into the bed of the Adriatic, by discovering, in the ter- 
ritory of Parma, (what Spada had observed near VeroDB, 
and Scbiavo in Sicily,) that fossil shells were not scaib«. 
tered through the rocks at random, but disposed b 
regular order, according to certain genera and s| 

Viialiano Donati, 1750 But with a view of thre 

ing further light upon these questions, Donati, in 1 7J!E 
undertook a more extensive investigation of the J 
etic, and discovered, by numerous soundings, tfaat d 
posits of sand, marl, and tufaceous incrustations, i 
strictly analogous to those of the Subapennine i 



* Sui Testacci della Sicilia. 
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■ere in the act of Bccumulating there, He ascertalnetl 
■if tderewcre no shells in some of thesubmarine tracts, 
Mile in other places they lived together in I'amilies. 
kticularly the genera Area, Pecten, Venus, Murex, 
bd some others. He also states that in divers locali- 
■n he found a mass composed of corals, shells, and 
■mtdceous bodies of different species, confusedly 
■ended with earth, sand, and gravel. At the depth of 
Ifixit or more, the organic Eubstances were entirely 
Ktrified and reduced to marble ; at less than a foot 
■im the surface, they approached nearer to their na* 
bll State ; while at the surface they were alive, or ii' 
Itad, in a good state of preservation. 
m BaldatiOri. — A contemporary naturalist, Baldassari, 
■fed shown that the organic remains in the tertiary 
■i!^ of the Siennese territorywere grouped in families, 
■ ■ manner precisely similar to that above alluded to 
nr Donati. 

w Buffbn, 1749. — Buflbn first made known his theo- 
WIcb] views concerning the former changes of the 
■bth in his Natural History, published in 17+9- He 
pbpted the theory of an original volcanic nucleiisg 
together with the universal ocean of Leibnitz. By this 
aqueous envelope the highest mountains were once 
covered. Marine currents then acted violently, and 
Ibmied horizontal strata, by washing away solid matter 
in some parts, and depositing it in others ; they also 
excavated deep submarine valleys. The level of the 
Mean was then depressed by the entrance of a part of 
in waters into subterranean caverns, and thus some 
bttd was left dry. BulFon seems not to have profited, 
TSke Leibnitz and Moro, by the observations of Steno, 
be could not have imagined that the strata were 
generally horizontal, and tbat those which contain 
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organic remains had never been disturbed since the m 
of their formation. He was conscious of the giV 
power annually exerted by rivers and marine curren 
in transporting earthymaterials to lower levels, andS 
even contemplated the period when they would destfl 
all the present continents. Although in geolt^fl 
was not an original observer, his genius enabled hilA 
render his hypothesis attractive ; and by the eloqaeJ 
of his style, and the boldness of liis speculationfljfl 
awakened curiosity, and provoked a spirit of inqifl 
amongst his countrymcik. U 

Soon after the publication of his " Natural Histota 
in which was included his " Theory of the Earth,'V 
received an official letter (dated January, 1751), fifl 
the Sorbonne, or Faculty of Theology in Paris,' iiifiq| 
ing him tiiwt fourteen propositions in his works "wJ 
reprehensible and contrary to the creed of thechurfiH 
The first of these obnoxious passages, and the only ofl 
relating to geology, was as follows: — " The wateiM 
the sea have produced the mountains and valleysfl 
the land — the waters of the heavens, reducing nD'fl 
a level, will at last deliver the whole land over to the ifl 
and the sea, successively prevailing over the land, ^M 
Leave dry new continents like those which we inhatlfl 
Buflbn was invited by the College, in very courtefl 
terms, to send in an explanation, or rather a recantatJfl 
of Ids unorthodox opinions. To this he subraitttfl 
and a general assembly of the Faculty having apprafl 
of his " Declaration," he was required to publish ita 
his next work. The ilocnmetit begins with diH 
words: — "I declare that I had no intention to conM 
diet the text of Scripture ; that I believe most find 
all therein related about the creation, both as to ordfl 
of time and raatter of fact ; and / abandon evert/ thim 



I my book respecting the formation of the earOi, and, 
generally, all which may be contrary to the narration 
of Moses."* 

The grand principle which BufTon was called upon 
to renounce was simply this,—" that the present 
mountains and valleys of the earth are due to secondary 
■s, and that the same causes will in time destroy 
«dl the continents, hills, and valleys, and reproduce 
ithers like them." Now, whatever may be the defects 
f many of his views, it is no longer controverted that 
tiie present continents are of secondary origin. The 
'idoctrine is as firmly established as the earth's rotation 
%! its axis ; and that the land now elevated above the 
level of the sea will not endure for ever, is an opinion 
-which gains ground daily, in proportion as we enlarge 
HT experience of the changes now in progress. 

Tarffioni, 1751. — Targioni, in his voluminous 
» Travels in Tuscany, 1751 and 1754," laboured to fill 
} the sketch of the geology of that region left by 
Steno sixty years before. Notwithstanding a want of 
arrangement and condensation in his memoirs, they 
'Contained a rich store of faithful observations. He has 
t indulged in many general views, but in regard to 
the origin of valleys he was opposed to the theory of 
Siifibn, who attributed them principally to submarine 
'Currents. The Tuscan natui'alist laboured to show 
'that both the larger and smaller valleys of the Apen- 
were excavated by rivers and floods, caused by 
^e bursting of the barriers of lakes, afler the retreat 
"Of the ocean. He also maintahied that the elephants 
1 otlier quadrupeds, so frequent in the lacustrine 
and alluvial deposits of Italy, had inhabited that 

Hist. Nal. tcm. v. &A. de I'lmp. Roynle, Paris, 1769, 
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peninsula ; and httd not been traneported tliither, u 
some had conceived, b; Hannibal or the Konians, nor 
by what they were pleased to term " a catastrophe of 
nature." 

Lehman, 1756.— In the year 1756 the treatiEe of 
Lehman *, a German mineralt^ist, and director of (be 
Pnusiaii mines, appeared, who also divided mountaiBi 
into three clasees : the hrst, those formed with the 
world, and prior to the creation of animals, and which 
contained no fragments of other rocks ; the ^ecood 
class, those whicli resulted from the partial deatruc- 
tion of the primary roclcs by a general revolution ; and 
a third class, resulting from local revolutions, and in 
part from the Noachian deluge. 

A French translation of this work appeared in 1759, 
in the preface of which the translator displays vei; 
enlightened views respecting the operations of earth- 
quakes, as well as of the aqueous causes. 

Gemer, 1758. — In this yearGesner the botanist, of 
Zurich, published an excellent treatise on petribc- 
tions, and the changes of the earth n'hich they tesU^if 
Afler a detailed enumeration of the various classea of 
fossils of the animal and vegetable kingdoms, and re- 
marks on the different states in which they are found 
petrified, he considers the geological phenomena con- 
nected with them ; observing, that some, like those of 
(Eningen, resembled the testacea, fish, and planU 
indigenous in the neighbouring region:]: ; while some, 
such as ammonites, gryphites, beleranites, and other 
shells, are either of unknown species, or found only 
in the Indian and other distant seas. In order to 

• Essai d'une Hist. Nat. dea Couches de Ib Tlttc, 1759. 
f John Gcsner published at Leyden, in Latin. 
f Fart ii. chap. 9. 



II] 



OESNEli— AKDUIVI 



71 



Ctdate the structure of the earth, he gives Bections, 
Verenius, BufTon, and others, obtained in digging 
Us ; distill guislies between horizontal and inclined 
.; and, in speculating tin the causes of these 
irances, mentiona Donuti's examination of the bed 
the Adriatic; the Ailing up of lakes and seas by 
meot ; the imbedding of shells, now in progress; and 
ly known effects of earthquakes, such as the sink- 
dawn of districts, or the heaving up of the bed of 
sett, so as to forni new islands and lay dry strata 
petrifactions. The ocean, he says, deserts 
diores in many countries, as on the borders of the 
itic ; but the rate of recession has been go slow in 
i last ^^000 years, that to allow the Apennines, whose 
mnits are filled with marine shells, to emerge to 
Br present height would have required about 80,000 
m, — a lapse of time ten times greater, or more, than 
e age of the universe. We must therefore refer the 
monienon to the command of the Deity, related by 
OSes, that the waters should be gathered together in 
e place, and the dry land appear," Gesner adopted 
B views of Leibnitz to account for the retreat of the 
■uneval ocean : his essay displays much erudition ; 
Bd the opinions of preceding writers of Italy, Germany, 
England are commented upon with fairness and 
bcmmnatioa. 

Artbtino, 1759. — In the year following, Arduino*, in 
Ml memoirs on the mountains of Padua, Vicenza, and 
lerona, deduced, from original observations, the dis- 
ition of rocks into primary, secondary, and tertiary, 
I showed that in those districts there had been a 
ncceaslon of submarine volcanic eruptions, 

* Gioroale del Griselini, 1759, 
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SlieheU, 1760. — In tlie following year (1760) t 
Rev, John Michell, Woodwardian Professor of Mine 
atogy at Cambridge, published, in the Philosofdiici 
Transactions, an Essay on the Cause and Phenomei 
of Eartbtjuakes.* His attention had been drawn 1 
this iubject by the great earthquake of Lisbon in 17fi 
He advanced many original and philosophical Tiet 
respecting the propagation of subterranean movement 
and the caverns and fissures wherein steam laigk 
be generated. In order to point out the applia 
of his theory to the structure of the globe, he waah 
to describe the arrangement and disturbance of fl 
strata, their usual horizontality in low countries, vi 
their contortions and fractured state in the neighbour 
bood of mountain chains. He also explained, wW 
surprising accuracy, the relations of the central ri^ 
of older rocks to the "long narrow slips of simiti 
earths, stones, and minerals," which are parallel tl 
these ridges. In bis generalizations, derived in great 
part from his own observations on the geological stm^ 
ture of Yorkshire, he anticipated many of the view* 
more fully developed by later naturalis 

Calcott, 1761. — Michell's papers were entirely fre« 
from all physico-theological disquisitions, but some of 
his contemporaries were still earnestly engaged ae 
defending or impugning the Woodwardian hypothes^ 

■SeeBskelchofthellistorjarEngliiiliGeoliigf, by Dr. FltUB^ 
iDEdinb.Rev. Peb.lSIB, re-edited Lond. and Edinb. PhiL H 
vol. L and ii. 1839-S3. Some of Michell's Observstions ■iiMi' 
pile in so remarksble ■ manner the theories eitabliUied Tortf jtau 
■fierwards, thai his writings would probably have formed ao cn 
In the science, if his reaoorches hail been uninlemiplsd. 
howeTcr, his prorcssarship only raght yean, nhen he BUceeednlH 
a benefice, and rmm thsl time he appeon to have entirely di 
tinued his scientific pursuits. 
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[fold many of tliese writings referred to by Catcott, 
Hutch insoaian. who published a " Treatise on the 
" in 1761. He laboured particularly to refute 
CKplanation offered by his contemporary, Bishop 
tytoD, of the Mosaic writings. That prelate had 
lared that the deluge " could not be literally true, 
e in respect to tiial pan ivhere Noah lived before 
I flood." Catcott insisted on the universality of the 
h^e, and referred to traditions of inundations 
Bdoned by ancient writers, or by travellers in the 
tt IndieS) China, South America, and other countries. 
b part of his book is valuable, although it is not 
J to see what bearbg the traditions have, if admit- 
1 to be authentic, on the Bishop's argument; since no 
idence is adduced to prove that the catastrophes 
le cootemporaneous events, while some of them are 
yreasly represented by ancient authors to have oc- 

in succession. 
Fettis — Odoardi, 1761. — The doctrines of Arduino, 
love adverted to, were aflerwards confirmed by 
DTti* and Desmarest, in their travels in the same 
Mmtry ; and they, as well as Baldassari, laboured to 
Maplete the history of the Suhapennine strata. In 
le work of Odoardi *, tliere was also a clear argument 
I farour of the distinct ages of the older Apennine 
I, and the Subapennine formations of more recent 
1. He pointed out that the strata of these two 
^p8 were unconfimnabk, and must have been the 
luts of different seas at distant periods of time. 
atpe, 1763. — A history of the new islands by 
ifsfs, an Hanoverian, appeared in 1763, in Latin. f 

Carpi Mnrini del Fcltrino, 1T61. 
f De Moris e Mu-t Natis Insulin. Kaspe was also ihe cditar 
•• Ftulosophicol Works or Leibnitz. Anist. eC Leipzig, 
VOL. I. £ 
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In diis work, al) the audientic accounts of earthM 
which had produced permanent changes on ttvej 
parts of the earth were collected together aodj 
aminetl with judicious criticism. Tlie best bJb 
which had been proposed concerning the bn 
history of the globe, hoth by ancient and rmI 
writers, are reviewed ; and the merits and iW 
of the doctrines of Hooke, Ray, Moroj Buffijw 
others, fairly estimated. Great admiration is expM 
for the hypothesis of Hooke, and his explid 
of the origin of the strata is shown to haveij 
more correct than Moro's, while their theory i^t 
etfects of earthquakes was the game. Raspe hat 
seen Michell's memoir, and his views concernijqg 
geological structure of the earth were perhafMf 
enlarged ; yet he was ahle to add many addill 
arguments in favour of Hooke's theory, and to i^ 
it, as he said, a nearer approach to what Hookoi^ 
have written liad he lived in later times. Asf4| 
periods wherein all the earthquakes happened, lod| 
we owe the elevation of various parts of our cona 
and islands, Uaspe says he pretends not to asBigM 
duration, still less to defend Hooke's suggcstitK^ 
theconvulsionsalmost all took place during thcNM 
deluge. He adverts to the apparent iadicationa^ 
former tropical heat of the climate of Europe, ad 
changes in the species of animals and plants, as' at 
the most obseure and difficult problems in gag 
In regard to the islands raised from the sea, 'it 
the times of history or tradition, he declares thati 
of them were composed of strata containing «j 

^ 

176Sj" also aullior of " Tassie's Gems," and " BaroA^ 
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B, and that theywcre not, as BufTon liad agserted, 
uAt of mere volcanic matter. His work concludes 
Ih an elotjueat exhortation to naturalists to examine 
B isles which rose, in 1707, in the Grecian Archipe- 
;•, and, in 1720, in the Azores, and not to neglect 
ebBpIendid opportuoities of studying nature " in the 
t of parturition." That Hooke's writings should 
e been neglected for more than half a century, waa 
tbet of astonishmeDt to Raspe ; hut it is still more 
tntderfid that liis own luminous exposition of that 
■y should, tor more than another half century, have 
Rcited so little interest. 

iFuiJimI, 1762 and 1775. — Fuchsel, a German physi- 
~n,pDbliehed, in 1762, a geological description of the 
imtry between the Thuringerwaldand the Hartz, and 
nemoir on the environs of Rudelstadt* ; and after- 
rdSjin 1773, a tbeoreticalwork on the ancient history 
flbe earth and of man. f He had evidently advanced 
tniiderably beyond his predecessor Lehman, and was 
« of the distinctness, both as to position and fosail 
nteiits, of several groups of strata of different ages, 
Krespcmding to the secondary formations now recog- 
i by geolc^ists in various parts of Germany. He 
Imposed the European continents to have remained 
Irered by the sea until tlie formation of the marine 
:a called in Germany " muschclkalk," at the same 
: that the terrestrial plants of many European 
wits attested the existence of dry land which 
federed the ancient sea; land which, therefore, must 
ne occupied the place of the present ocean. This 

• Acm Academis Elecmralis Sraguiilinie, vol. n. Erfurt. 

account of Fuchwl is [iorireil from an eicellenl aiuilysiB 
iHiire by M. KeTcrsUun. Journ, de C^ologie, tom. ii. 
L 1830. 
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pre-existing continent had been ffradually swallo 
up hj tlie sea, different parts liaving subaidi 
succession into subterranean caverns. All the 
mentary strata were originally iiorizontal, and th 
present state of derangement must be referred 
subsequent oscillations of the ground. 

A% there were plants and animals 
periods, so also there must have been men, but 
did not all descend from one pair, but were createc 
various points on the earth's surface ; and the nuir 
of these distinct birth-places was as great as are. 
original languages of nations. 

In the writings of Fuchsel we see a strong dc 
manifested to explain geological phenomena as ta 
possible by reference to the agency of known can 
and although some of bis speculations were &dc 
his views coincide much more nearly with those 
generally adopted, than the theories ailerwards 
inulgated by Werner and his followers. 

BTonder, 1766. — Gustavus Brander published, 
1766, his " Fossilia Hantoniensia," containing excel 
figures of fossil shells from tlie more modern ma 
strata of our island. ■■' Various opinions," he sayp 
the preface, " had been entertained concerning Oie 
time when and how these bodies became deposited. 
Some there are, who conceive that it might have been 
effected i[i a wonderful length of time by a gi-adual 
changing and shifting of the sea," &c. But the moat 
common cause assigned is that of " the deluge." Thit 
conjecture, he says, even if the universality of the &>od 
be not culled in question, is purely hypothetical. In 
bis opinion, fossil animals and testacea were, for the most 
part, of unknown species ; and of such as were knowD, 
the living analogues now belonged to southern latiiudefl- 






', 1780. — Soldani* applied successfully his 
nrledge of zoology to illustrate tlie history of stra- 
sd masses. He explained that microscopic testacea 
'A zoophytes inhabited the depths of the Mediterra- 
D ; and that the fossil species were, in like manner, 
tad in those deposits wherein the fineoess of their 
fticles, and the ubsenccof pebbles, implied that they 
e accumulated la a deep sea, or far from shore. 
^^.i author first remarked the alternation of marine 
i fresh-water strata in the Paris basin. 
Fartis — Tesla, 1793. — A lively controversy arose 
iween Fortis and another Italian naturalist, Testa, 
; the fish of Monte Bolca, in 1793. Their 
tas'f, written with great spirit and elegance, show 
i they were aware that a largo proportion of the 
mpennine shells were identical with Hving species, 
I some of them with species now living in the 
iBhid zone. Fortis proposed a somewhat fanciful con- 
Cture, that when the volcanos of the Vicentiu were 
uig, the waters of the Adriatic had a higher 
rature ; and in tliis manner, he said, the shells 
varmer regions may once have peopled their own 
But Testa was disposed to think that these 
IS of testacea were still common to their own and 
equinoctial seast for many, he said, once supposed 
f be confined to hotter regions, had been aflerwards 
acovered in the Mediterranean. J 

oritlografico, &c. I7S0, and oilier Works. 
li Pesci FossUUi Ballllt. Milan, 179.S. 
of TU« n^raent of Tana bas l>e«i strengthmied of lute years by 
IhtdMDVerj, that deilen is sbelli had long been in the habit at 
g Medileironcan speciea oi Bhclla of toote soutliern and dis- 
Mkudes, for the sake of enhancing their priee. Il appean, 
yter, frum ^veral hundreii ei.periineius made by tliat (lis- 

5.S- , 
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Cortesi—Spallansani— Wallerius— WhilehurO. 
While these Italitui naturatUtB, together with OyrteS 
and Spallanzani, were busily engaged in pointing out 
the analogy between the deposits of modern and 
ancient seas, and the habits and arrangement of thrfr 
organic inhabitants, and while some progress WM 
making, in the same country, in investigating die 
ancient and modern volcanic rocks, some of the most 
original observers among the Engiisli and Gerntita 
writers, Wallerius and Whitelmrst", were wasting 
their strength in contending, according to the old 
Woodwardian hypothesis, that all the strata were 
formed by the Noachian deluge. But Whitehurrfs 
description of the rocks of Derbyshire was most faith- 
ful ; and he atoned for false theoretical views, by pro- 
viding data for their refutation. 

Pallas — Saussvre. — Towards the close of Uie 
eighteenth centurj', the idea of distinguishing 4c 
mineral masses on our globe into separate groups, and 
Studying their relations, began to be generally dilAiBed- 
Pallas and Saussure were among the most celebrate 
whose labours contributed to this end. After an at- 
tentive examination of the two great mountain chains 
of Siberia, Pallas annuuncetl the result, that the gra- 
nitic rocks were in the middle, the schisloee at theii 
sides, and the limestones again on the outside of the»e 

tinguished hydrograplier, Captain Smjlh, on Ihc water "ilhin eighi 

of the surface, that tlie lemperalure of ihn Medltetranemi 

average 3J° of Fahrenheit higher ttuin UieweiRera pirtol 

intic ocean ; an important fact, which in some degree ma} 

help to explain wtiy many species arc comnmn lo troptcsl tadtudei 

to the Mediterranean. 

Inquiry into tha Original Stale and Formnlion of the Earth. 
1778. 
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uid tlib he conceived would prove a general law in the 
tioniation of alt diuins composed diiefly of primary 

In his " Travels in Euasja," in 1793 and 1794, lie 

loade many geologies! observations on the recent strata 

near Uie Wolga and tlie CaspLin, and adduced proofs 

if the greater extent of the latter sea at no distant era 

). tbe earth's history. His memoir on the fossil 

I of Siberia attracted attention to some of the 

t remarkable phenomena in geology, lie stated 

■bat he had found a rhinoceros entire in the frozen 

I, with its ekin and flesh : an elephant, found after- 

ards in a mass of ice on the shore of the North sea, 

wed all doubt as to the accuracy of so wonderful 

ilt^iWDvery. t . ,, 

The subjects relating to natural history which, p- 

i the attention of Pallas were too multifarious to 

sit of his devotiug a large shore of his labours ex- 

laiyely to geology. Saassure, on the other hand, 

nployed tlie chief portion of bis time in studying 

6, Uructure of the Alps and Jura, and he provided 

e data for those who followed him. He did not 

cpetenti to deduce any general system from his nume- 

iMua tnd interesting observntions ; and the few theo- 

'Rliool opinions which escaped from him, seem, like 

I .ilbase (if Pallas, to have been chiefly derived from the 

cumological speculations of preceding writers. 

■• *-OtMefT. on the FDrmation oF 3ItiunUin3. Act. Pclnip. Finn. 

►i^^-*8wi. V«f. XVir. Cu-vier. F.logc de Palliui. 
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CHAPTER ly. 

HISTORY OF THE PROGRESS OF GEOLOGY — COntimieiL 

Werner's Application of Greology to the Art of Mining — Ezciir- 
sire Character of his Lectures — Enthusiasm d his Pup3s-^ 
His Authority— His theoretical Errors — Desmaresfs Map tud 
Description of AuTergne — Controversy between the Viilranirti 
and Neptunists — Intemperance of the rival Sects •— Hutton*i 
Theory of the Earth — His Discovery of Granite Veins — Oi^ 
ginality of his Views— Why opposed — Playfair's lUastntioiis 
— Influence of Voltaire's Writings on Geology — Imputatioos 
cast on the Huttonians by Williams, Kirwan, and De Luc— 
Smith's Map of England — Geological Society of Londea^- 
Frogress of the Science in France-— Growing Importaaoeaf 
the Study of Organic Remains. 

Werner, — The art of mining has long been taught in 
France, Germany, and Hmigary, in scientific institutions 
established for that purpose, where mineralogy has 
always been a principal branch of instruction* * 

Werner was named, in 1775, professor of that science 
in the " School of Mines" at Freyburg, in Saxony* He 
directed his attention not merely to the composition 
and external characters of minerals, but also to what 
he termed << geognosy/' or the natural position ..of 

* Our miners have been left to themselves, almost without the 
assistance of scientitic works in the English language, afiid w^tUbot 
any ** school of mines," to blunder their own way into • ctrttitt 
degree of practical skill. The inconvenience of this want of syi-. 
tern in a country where so much capital is expended, and often 
wasted, in mining adventures, has been well exposed by an emi- 
nent practical miner. — Sec " Prospectus of a School of Mines in 
Cornwall, by J. Taylor, 1825." 
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ninerals in particular rocks, together with the grouping 
«f those rocks, their geographical distribution, and 
variouB relations. The phenomena observed in the 
jKructure of the globe hod hitherto served for little 
eke than to furnish interesting topics for philosophical 
discussion : but when Werner pointed out their appli- 
1 to the practical purposes of mining, they were 
BStantly regarded by a large class of men as an essen- 
J part of their professional education, and from that 
jtne the science was cultivated in Europe more ardently 
id systematically. Werner's mind was at once imagin- 
B and richly stored with miscellaneous knowledge. 
ie associated every thing with his favourite science, 
pd in his excursive lectures be pointed out all the 
economical uses of minerals, and their application to 
nwUcine ; the influence of the mineral composition of 
KickB upon the soil, and of the soil upon the resources, 
frealth, and civilization of man. The vast sandy plains 
r Tartary and Africa, he would say, retained their 
Khabitants in the shape of wandering shepherds; the 
(tanittC mountains and the low calcareous and alluvial 
"aina gave rise to different manners, degrees of wealth 
iHd intelligence. The history even of languages, and 
e migrations of tribes, had been determined by the 
rection of particular strata. The qualities of certain 
tones Dsed in building would lead him to descant on 
e architecture of different ages and nations ; and the 
^ysical geography of a country frequently invited him 
i treat of military tactics. The charm of his manners 
1 his eloquence kindled enthusiasm in the minds of 
1 his pupils ; and many, who had only intended at first 
i acquire a slight knowledge of mineralogy, when 
[^y had once heard him, devoted themselves to it 
I Uie business of their lives. In a few years, a small 
£ 5 
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school of mines, before unheard of in Europe, 
mifleii to the rank of a great university; and men 
already distinguished in science studied the (ierman 
language, and came from the most distant countries to 
hear the great oracle of geology.* 

' Werner had a great antipathy to the mechanical 
labour of writing, and he could never be persuaded to 
pen more than a few brief memoirs, and those cont^u- 
ing no development of his general views. Although 
the natural modesty of his disposition was excessive, 
approaching even to timidity, he indulged in the mosi 
bold and sweeping generalizations, and he inspired all 
his scholars with a most implicit faith in his doctrines. 
Their admiration of his genius, and the feelings of gra- 
titude and friendship which they all felt for him, were 
not undeserved; but the supreme authority usurped 
by him over the opinions of his contemporaries, was 
eventually prejudicial to the progress of the science; so 
much so, as greatly to counterbalance the advuntagea 
which it derived from his exertions. If it be true that 
delivery be the first, second, and third requisite in a 
popular orator, it is no less certain that to travel is of 
threefold importance to those who desire to originate 
just and comprehensive views concerning the structure 
of our globe, and Werner had not travelled to distant 
countries. He had merely explored a small portion of 
Germany, and conceived, and persuaded others to 
believe, that the whole surfiice of our planet, and all 
the mountain chains in the world, were made after the 
model of his own province. It was a ruling object of 

ambition in the minds of his pupils to confirm the 

Lgeaeralizationa of tlieir great master, and to discover 
<v< '■'•<!' ■ . II un^-ruli jdL 
* Cuvier, Clage de Werner. .gjrfB 
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distant parts of the globe his " universal 
tions," which be supposed had been each in suo- 
ta gimultaDeouel; precipitatt;d over the whole 
from a common mcnstniutn, or " chaotic 8uid." 
V appears that the Saxon professor had misinter- 
miwyof the most important appearances io.the 
SDuediatc neighbourhood of Freyberg. Thus, for 
(Simple, within a day's journey of hia school, the 
portdiyTy. called by bim primitive, has been fouad not 
enly to send forth veina or ilykes through strata of the 
ml focmatton, but to overlie them in mass. The 
puuie of the Hartz mountains, on the other handi 
tbich he supposed to be the nucleus of the chain, is 
wr Well known to traverse and breach the other beds, 
poMrating even into the plain (as near Goslar) ; and 
UH«r, Freyberg, in the Erzgebirge, the mica slate 
dcM.not mantle round the granite, as was suppoiedi' 
Ut abuts abruptly against it. Fragments, also, of the 
^ywBcke slate, containing organic remains, have 
lucntjy been found entangled in the granite of tlie. 
Btcta, by M. de Seckendorf. * ,i 

n 'Die [H^incipat merit of Werner's system of instructijiKt 
Wesiited in steadily directing the attention of hiB< 
MhoUrs to the constant relations of superposition of 
(wlaJn mineral groups; but he had been anticipated, as 
bu bera shown in the last chapter, in the discovery of 
this ^neral law, by several geologists in Italy and 
dtevhcre; and his leading divisions of the secondary 
imtawere, at the same time, made the basis of an 
tonugement of tlie British strata by our countryman, 

' I ua indebted for this inronnadun partly Co Messrs. Sedgwick 
'*i Mnrchison, who haye in'Mtigated the country, and partly 10 
Di. Hanmaon of Blankenburg, ths uaaslator of this work into 
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William Smith, to whose work I shall return by- 
and-by. 

Controversy between the Vtdcnnists and NepttiniiU. 
— In regard to basalt and other igneous rocks, WerncT's 
theory was original, but it was also extremely erroneous. 
Tile basalts of Saxony and Hesse, to which his ob- 
servations were chiefly confined, consisted of tabular 
masses capping the hills, and not connected with the 
levels of existing valleys, like many in Auvergne and 
the Vivarais. These basalts, and all other rocks of 
the same family in other countries, were, according to 
him, chemical precipitates from water. He denied 
Ihat they were the products of submarine volcanM; 
and even taught that, in the primeval ages of the 
world, there were no volcanos. His theory was Op- 
posed, in a twofold sense, to the doctrine of the per- 
manent agency of the same causes in nature ; for not 
only did he introduce, without scruple, many imc^inary 
causes suppoeed to have once effected great revolutiooa 
in the earth, and then to have become extinct, but 
new ones also wore feigned to have come into play in 
inodern times ; and, above all, that most violent inatru- 
roent of change, the agency of subterranean fire. 

So early as 1768, before Werner had coTOmeno«d 
his raineralogical studies, Kaspe had truly characteriHd 
the baMlts of Hesse as of igneous origin. Ardoino,tt 
we have already seen, had pointed out numeRHH 
■varieties of trap-rock in the Vicentin as analogous to 
volcanic products, and as distinctly referrible to m^ 
aent submarine eruptions. Desmarest, as faeAnA 
stated, had, in company with Fortis, examined the 
Vicentin in 1766, and confirmed Arduino's viens. Xt 
1772, Banks, Solander, and Troil compared the fl9« 
lumnar basalt of Hecia with that of the Hebfidefc 
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Coliini, in 1774:, recogahed the true nature of the 
igneous rocks on the Rhine, between Andernach and 
BoDD. In 1775, Guettard visited the Vivaraia, and 
established the relation of basaltic currents to lavas. 
Lastly, in 1779, Faujas published li is description of the 
valcanos of the Vivarais and Velay, and showed how 
die streams of basalt had poured out from craters 
which still remain in a perfect state.* 

JhsnuxTEst. — Wlien sound opinions had thus for 
twenty years prevailed in Europe concerning the true 
nature of the ancient trap-rocks, Werner by his dictum 
caused a retrograde movement, and not only over- 
turned the true theory, but substituted for it one of 
die most un philosophical that can well be imagined. 
The continued ascendancy of his dogmas on this 
mbject was the more astonishing, because a variety 
of new and striking facts were daily accumulated i 
&vour of the correct opinions previously entertained. 
Desmarest, after a careful examination of Auvergoe, 
'Pointed out, Jirst, the most recent volcanos which 
.had their craters still entire, and their streams of 
lava conforming to tlie level of the present tn 
courses. We then showed that there were others of 
<an intermediate epoch, whose craters were nearly 
I eiFaced, and whose lavas were less intimately connected 
.with the present valleys; and, lastly, that there were 
4.Tolcwic rocks still more ancient, without any dis- 
. icernibte cral«rs or scorite, and bearing the closest 
'-•Bnalegy to rocks in other parts of Europe, the igneoui 
riorigto of which was denied by the school of I'reyberg.f 

"' • Curler, filogc do Dramarest. 

"' t Journ. de Piys. vol. xiii. p. 115.; and Mim. Ak I'lnit. 
, M«hi!mnt. et Phys. vol. vj. p. S19. 
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Dennarest's map of Auvergne was a work of uri. 
common merit. He first made a trigonometrical gurveji 
of the district, and delineated its physical geographjr* 
with minute accuracy and admirable graphic power> 
He contriTed, at the same time, to express, without 
the aid of colours, a vast quantity of geological 
detail) the different ages, and sometimes even the 
structure, of the volcanic rocks, distinguishing them 
from the fresh-water and the granitic. They alone 
who have carefully studied Auvergne, and traced the 
different lava^streams from their craters to their ter' 
mination, — the various isolated basaltic cappjngfii-^ 
the relation of some lava« to the present valleys, — die 
absence of such relations in others, — can appreciate 
the extraordinary fidelity of this elaborate work> Ntf 
Other district of equal dimensions in Europe exhibits, 
perhaps, so beautiful and varied a series of phenomena; 
and, fortunately, Desmarest possessed at 
mathematical knowledge required for thi 
of a map, skill in mineralogy, and a power of origkdj 
generalization. 

Dolomieu — Moulhsier. — Dolomieu, another of' 
iiQ^'s contemporaries, hail found prismatic basalt . 
the ancient lavaa of Etna ; and, in 1784, had 
the altematioDB of submarine and calcareous etral 
the Val di Noto, in Sicily." In 1 790, he also deBcr)b«ii| 
aimilar phenomena in the Vicentin and in the Tyrotf^ 
Montlosier also published, in 178K, an elegant and 
spirited essay on the volcanos of Auvergne, combini 
accurate local observations with comprehensive 
Notwithstanding this mass of evidence, the scholart'l 

• Journ. de Fhja. torn. ht. p. 191. 
t lb. tool. lUf Li. pwt iL p. 900. ' 
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Wcroer were preparetl to support hie opinion! to their 
extent ; maintaining, in the f lUiicjb of their 
ftilbi Uiat even obflidion was an aqueous precipitate. 
Ai they were blinded by their veoerution for .the 
giMl teacher, tbey were impatient of opposition, and 
una imbibed the spirit of a factioo ; and tlieir oppo* 
M«I«, the Vulcanists, were not long in becoming com 
tmraated with the sonie intemperate zeal. Ridicule 
utd irony were weapons more frequently employed 
than argiunent by the riral sects, till at last the 
tvffimBTBj was carried on with a degree of bitteme» 
jppprecedented in (juCGtiona of physical science, 
it alone, who had long before provided ample 
for refuting such a tlicory, Icept aloof froxa 
It and whenever a zealous Neplunist wished 
le old man into an argument, he was satisfied 

' Go and see."' 
1788, — It would be contrary to all analogy, 
Ut.BuuUerfl of graver import, that a war should rage 
*)(k such fury on the Continent, and that the inbabit- 
anis of our island should not mingle in the 'afiray. 
^Idunigh in England the personal influence of Werner 
■u vanting to stimulate men to the defence of tba 
Vfslter side of the question, they contrived to find 
PP4 lesson for espousing the Wemerian errors with 
PHt eathusiasm. In order to explain tlie peculiar 
aoctves which led many to enter, even with party 
fcslbg, into this contest, it will be necessary to present 
Itiq reader with a sketdi of the views unfolded by 
Htitton, a contemporary of the Saxon geologist. That 
Utundiat had been educated as a physiciaot but, 
declining the practice of medicine, he resolved, when 

• CnvLcr, Eloge dc Desmare^t. 
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young, to remain cwitent with the small indepCDdence 
inherited from his father, and thenceforth to give hii 
undivided attention to Ecientilic pursuits. He resided 
at Edinburgh, where he enjoyed the society of maoj 
men of high attainments, who loved him for the 
simplicity of hi:; manners and the sincerity of tia 
character. His application was unwearied ; and be 
made frequent tours through different parts of England 
and Scotland, acquiring considerable ekill as a mine- 
ralogist, and constantly arriving at grand and com- 
prehensive views in geology. He communicated the 
results of his observations unreservedly, and with the 
fearless spirit of one who was conscious that love of 
truth was the sole stimulus of his exertions. When 
at length he had matured his views, he published, in 
1788, his "Theory of the Eardi*," and the same, 
ai^erwards more fully developed in a separate work, in 
1795. This treatise was the first in which geology was 
declared to be in no way concerned about " questions 
as to the origin of things;" the first in which an at- 
tempt was made to dispense entirely with all hypo- 
thetical causes, and to explain tlie former clianges of 
the earth's crust by reference exclusively to natur^ , 
agentB- Hutton laboured to give fixed principles ti 
geology, as Newton had succeeded in doing 
notny ; but, in the former science, too little progr 
had been made tow^ards fumisliing the necessary d 
to enable any philosopher, however great bis genitM 

to realize so noble a project. 

Huttonian theory. — " The ruins of an older world^l 
■aid Hutton, " are visible In the present structure at | 
our planet; and tbe strata which now compose ouffj 

• Ed. Phii. Trani. 1T88. 



iMntinentB have been once beneath the aea, and were 
led out of the waste of pre-existing continentB. 
iwie same forces are stil! destroying, by chemical 
decomposition or mechanical violence, even the hardest 
rAcks, and transporting the materials to the sea, where 
Aey are spread out, and form strata analogous to those 
vT more ancient date. Although loosely deposited 
riflng the bottom of the ocean, they become afterwards 
Wtered and consolidated by volcanic heat, and then 
beaTCd up, fractured and contorted," 

Although Hutton had never explored any region of 

live volcanos, he had convinced himself that basalt 

isA many other trap-rocks were of igneous origin, and 

that many of them had been injected in a melted stale 

iBgh fissures in the older strata. The compactnesa 

it these rocks, and their different aspect from that of 

ihFdinary lava, he attributed to their having cooled 

0bwn under the pressure of the sea ; and in order to 

Amove the objections started against tJiis theory, his 

^nd, Sir James Hall, instituted a most curious and 

btructive series of chemical experiments, illustrating 

le crystalline arrangement and texture assumed by 

felted matter cooled under high pressure. 

' TTie absence of stratification in granite, and itH 

Bkalogy in mineral character to rocks which he deemed 

igneous origin, led Hutton to conclude that granite 

10 must have been formed from matter in fusion ; and 

ia inference he felt could not be fully confirmed, 

jnless he discovered at the contact of granite and 

ijflief Etrata a repetition of the phenomena exhibited 

fr constantly by the trap-rocks. Resolved to try his 

Wry by this test, he went to the Grampians, and 

■veyed the line of junction of the granite and super- 

ncumbent stratified masses, until he found in Glen Tilt, 
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in 178S, the moat clear and unequivocal proofs in au 
portof his views. Vems of red granite are there M 
branching out from the principal mass, and traversi 
the black micaceous scbist and primary Hmestoi 
The intersected stratified rocks are so distinct , 
colour and appearance as to render the example, 
that locality most striking, and the alteration of t 
limestone in contact uas very analogous to that pi 
duc^d bj trap veins on calcareous strata. This vei 
cation of his system filled him with delight, and 
forth such marks of joy and exultation, that 
guides who accompanied him, says bis 
were convinced that he must have discovered a tt 
of silver or gold.* He was aware that the s 
theory would not explain the origin of the prio 
schists, but these he called primary, rejecting 
term primitive, and was disposed to coDisider thei 
sedimentary rocks altered by heat, and that tbi 
originated in some other form from the waste. 
previously existing rocks. 

By this important discovery of granite veins, 
which he had been led by fair induction from an im 
pendent class of facts, Hutton prepared the way 
the greatest inno tJ n on th ystems of hi 
cessors. Vallian had p m d out the genend fa 
that there were ce n fundam tal rocks which 
tained no organi ema n a d which he supposed^ 
have been formed b f th ation of living 
Moro, Generelli, and th It 1 an writers, embrai 
the same doctrine ; and Lehman r^arded the moi 
tains called by him primitive, as parts of the origi 
nucleus of the globe. The same tenet was an artif 

if]00|ll uuuwlff layCiir'9 Works, vol. Jt. p. 75. 
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in the school of Frejberg ; and if any 
i to doubt the possibility of our being enabled 
J Id carry back our researchee to the creation of the 
I iTresent order of things, the granitic rocka were trium- 
I ^antly appealGd to. On them seemed written, in 
I fcgible characters, the memorable inscription — 



nd no small sensation was excited when HuttOD 
Remeil, with unhallowed hand, desirous to erase cha- 
tacten already regarded by many as sacred. " In 
tbe^conomy of the world," said the Scotch geologiatt 
'"'I can find no traces of a beginning, no prospect 
of an end:" a declaration the more startling when 
CMpted with the doctrine, that all past changes on the 
'globe had been brought about by tlie slow agency of 
txUting causes. The imagination was first fatigued 
and overpowered by endeavouring to conceive the im- 
n^sity of time required for the annihilation of whole 
continents by so insensible a process; and when the 
'iboDghts had wandered through these interminable 
pttiods, no resting place was assigned tn tlie remotest 
distance. The oldest rocka were represented to be of 
t derivative nature, the last of an antecedent series, 
•ted that perhaps one of many pre-existing worlds. 
8ncit views of the immensity of past time, like those 
'Ualbtded by tlie Newtonian philosophy in regard to 
^^ice, were too vast to awaken ideas of sublimity un- 
BUxed with a painliil sense of our incapacity to con- 
Mive a plan of such infinite extent. Worlds are seen 
beyond worlds immeasurably distant from eacli other, 
km), beyond them all, innumerable other systems are 
Taintly traced on the confines of the visible universe. 
The characteristic feature of the Huttonian theory 
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was, aa before hinted, the excluEion of all causes noH 
supposed to belong to the present order of naturoM 
Its greatest defect conststed in the undue influenaj 
Bttributed to subterranean heat, which was supposed n^H 
cessary for the consolidation of all submarine depogitifl 
Hutton made no step beyond Hooke, Moro, and RaspftW 
in pointing out in what manner the laws now governinifl 
earthquakes might bring about geological changes, ij 
sufficient time be allowed. On the contrary, be seenfl 
to have fallen far short of some of their views. HIM 
iroc^ined that the continents were first gradually d&- ' 
atroyed; and that when their ruins had furnished 
materials for new continents, they were upheaved by 
violent and paroxysmal convulsions. He therefore 
required alternate periods of general disturbance and 
repose ; and such he believed had been, and would for 
ever be, the course of nature. 

Generelli, in his exposition of Moro's system, had 
made a far nearer approximation towards reconciling 
geological appearances with the state of nature as 
known to us ; for while he agreed with Hutton, that 
the decay and reproduction of rocks were always in 
progress, proceeding with the utmost uniformity, the 
learned Carmelite represented the repairs of moun- 
tains by elevation from below to be effected by an 
equally constant and synchronous operation. Neither 
of these theories, considered singly, satisfies all the 
conditions of the great problem, which a geologist, 
who rejects cosmological causes, is called upon to 
solve ; but they probably contain together the germs 
of a perfect system. There can be no doubt, that 
periods of disturbance and repose have followed eRCii 
other in succession in every region of the globe ; b 
may be equally true, that the energy of the subter-i" 
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lan movements has been always uniform a& regardB 

whole earth. The force of earthquakes may for a 

(jcle of years liave been invariably confined, as it is 

to large but determioate spaces, and may then 
hare gradually shifted its position, so that another 
l^on, which had for ages been at rest, became in its 
ttim the grand theatre of actioo. 

Pianfair's illustrations of Hutton. — Although Hut- 
ton's knowledge of mineralogy and chemistry wa* 
eoDEiderable, he possessed but little information con- 
ceming organic remains. They merely served him, as 
6kj did Werner, to characterize certain strata, and to 
(Hire their marine origin. The tJieory of former 
revolutions in organic life was not yet fully recognized ; 
sad without this class of proofs in support of the 
■ntiquity of the globe, the indefinite periods demanded 
by the Huttonian hypothesis appeared vbiooary to 
■naay; and some, who deemed the doctrine incousistent 
'Rtb revealed truths, indulged very uncharitable bu»- 
jHcions of the motives of its author. They accused 
bim of a deliberate design of reviving the heathen 
dogma of an "eternal succession," and of denying that 
fti« world ever had a beginning. Playfair, in the 
l>ii^ra[^y of his friend, has the following comment on 
this part of their theory : — "In the planetary motions, 
geometry has carried the eye so far, both into 
llie future and the past, we discover no mark either of 
lliecoinmencGDient or termination of the present order. 
It is unreasonable, indeed, to suppose tliat such marks 
Aould any where exist. The Author of Nature ha« 
iW given laws to the universe, which, like the institu- 
tiwB of men, carry in themselves the elements of their 

destruction. He has not permitted in His works 
■Df syrnptom of infancy or of old age, or any sign by 
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which we may estimate either their future or their 
past duration. He mat/ put an end, as he no rhubl 
ffmie a b^nninff, to the present system, at some de- 
unninate period of time ; but we may rest agsived 
that this great catastrophe will not be brought about 
by the laws now existing, and that it is not indicated 
by any thing which we perceive." » 

TTie party feeling excited against the Huttoni 
doctrines, and the open disregard of candour i 
temper in the controversy, will hardly be credited t 
the reader, unless he recalls to his recollection I 
the mind of the English public was at that time ill 
state of feverish excitement. A class of writers-i^ 
France had been labouring industriously, for i 
years, to diminish the influence of the clergy,.] 
sapping the foundations of the Christian faith ; i 
their success, and the consequences of the Revolution 
bad alarmed the most resolute minds, while the ini^ 
gination of the more timid was continually haunted by 
dread of innovation, as by the phantom of some fearful 
dr«Bm. , . 

Voltaire. — Voltaire had used the modern disgoyeiiH 
ki physics as one of the numerous weapons of attaefc 
and ridicule directed by him against the Scriptures. 
He found that the most popular systems of geology 
were accommodated to the sacred writings, and that 
much ingenuity had been employed to make every 
fact coincide exactly with the Mosaic account of the 
creation and deluge. It was, therefore, with no 
friendly feelings that he contemplated the cultivatorB 
of geology in general, regarding the science as one 
which had been successfully enlisted by theologians ii 
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BaHyin their cause.* He knew that the majority 
ho were aware of the abundance of fossil 

beHis in the interior of continents, were still persuaded 
tt they were proofs of tite universal deluge ; and as 
! readiest way of shaking this article of faith, he en- 
tvoured to inculcate sceptJcism as to the real nature 
such shells, and to recall from contempt the ex- 

feded dogma of the sixteenth century, that they 
ire sports of nature. He also pretended that vege- 
Me impressions were not those of real plants, f Vet 
I was perfectly convinced that the shells liad really 

boloDged to living testacea, as may be seen in hia 
iay " On the Formation of Mountains." i He would 
. in defiance of all consistency, shift his 
lund when addressing the vulgar; and, admittii^ 
: true nature of the shells collected in the Alps 
i other places, pretend that they were Eastern 
sies, which had fallen from the hats of pilgrimi 
l^omiiig from Syria. The numerous essays written by 



* Id allusion (o the tiicoiies or Burnet, WoodwarJ, anil ether 

(fejitieo-lhenloglcBl itrilera, tie declared that they ware as fimd of 

mgesof sceneon the face of the globe, as were the populace at 

^f. " Eterir one of ihcm destroy) and tenovatea the >Wll> 

Kfr his own Tuhion, as Descartes framed it : far pbilowpbsa 
1 themseWes without eercmony in the place of God, and think 
tcreatea universe with a word." — Disscrlation envoyee t TAea. 
jblede Boulogne, surles Changetnens arrives dans notre Globe. 
Mfbrtunalely, this nnd ajmilar ridicule directed against the ciw- 

ikn waa 100 well deserved. 
trt 'See the chapter on " Den Pierres figurfea." 
.jf Id that essay he lays it down, " that all naturalists ore now 
ureeit ttiat depoeibi of shells in the inidiit or the continents are 
' monumcntB of the eontinued occupation of these districts by the 
ocean." In another place also, when speaking of the fossil shelts 
of Touraine, he admits their true origin. 
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him OD geological Bubjects were all calculated 
strengthen prejudices, partly because he was ignori 
of the real state of the science, and partly from 
bad faith.' On the other hand, tliey who knew that 
his attacks were directed by a deiiire to invalidate 
Scripture, and who were unacquainted with the true 
meritB of the question, might well deem the old dl* 
luvian hypothesis incontrovcrllble, if Voltaire 
adduce no better argument against it than to deny 
true nature of organic remains. 

It is only by careful attention to impedii 
originating in extrinsic causes, that we can expl^ the 
slow and reluctant adoption of the simplest truths ii 
geology. First, we find many able naturalists adducai| 
the foBsil remains of marine animals as proofs of M 
event related in Scripture. The evidence is deemM 
conclusive by the multitude for a century or more ; ftl 
it favours opinions which they entertained before, and 
they are gratified by supposing them confirmed \n 
fresh and unexpected proofs. Many, who see throudj 
the fallacy, have no wish to undeceive those who J 
influenced by it, approving the effect of the deluuM 
and conniving at it as a pious fraud ; until, finally, ■ 
(^posite party, who are hostile to the sacred writinn 
labour to explode the erroneous opinion, by sub^ 
tuting for it another dogma which they know to H 
equally unsound. j 

The heretical Vulcanists were now openly asaailfii 

• Aian inetance of his dcsira to throw doubl indiacKmiiiMclf N 
all geological dala, we may recall Ihe pas^gE where be njt, tM 
" the bone* of a rein-deer and hippopotainus discovered ttd 
Etampea did not prove, as some would huve it, that Lapland iJI 
tha Nile were once on ■ tour from Parii to Orleatu, but DMHfef 
ee preserved tbem in hia aluDH-" • 
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in Englandt by imputations of the most illiberal kind. 
We cannot eetimate the malevolence of sudi a perse- 
cution, by the pain which similar insinuations might 
now inflict ; for although charges of infidelity and 
aiheism must always be odinus, they were injurious in 
the extreme at that moment of pohtical excitement: 
and it was better perhaps, for a man's good reception 
in society, that his moral character should have been 
traduced, than that he shotild become a mark for these 
poisoned weapons. 

I shall pass over the works of numerous divines, who 

Diaybe excused for sensitiveness on points which then 

excited so much uneasiness in the public mind ; and 

shall say nothing of the amiable poet Cowper*, who 

could hardly be expected to have inquired into the 

I Bierit of doctrines in physics. But in the foremost 

^nnks of the intolerant, are found several laymen who 

■had high claims to scientific reputation. Among these 

Pappears Williams, a mineral surveyor of Edinburgh, 

rwho published a " Natural Hietory of the Mineral 

Kiogdom," in 1789; a work of great merit for that 

d^, and of practical utility, as containing the best 

L account of the coal strata. In his preface he misre- 

■ presents Hntton's theory altogether, and charges him 
Kwith considering all rocks to be lavas oi' diflerent 
Icolours and structure; and also with " warping every 

■ thing to support the eternity of the world. "f He 
■descants on the pernicious influence of such sceptical 
r notions, as leading to downright infidelity and atheism, 

'* and as being nothing less than to depose the 
Almighty Creator of the universe from his office." f 



•■ The Garden.- 
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Kirwan, 1799. — Kirwan, president of the EoyS 
Academy of Dublin, a chemist and mineralogist of 
some merit, but who possessed much greater authority 
in the Bcieutific world than he was entitled by h| 
talenta to enjoy, aaid, in the introduction to - 
" Geological Essays, 1799," " that sound geology jn 
duated into religion, and was required to dispel cert 
syatenis of atheism or infidelity, of which they I 
hedrecent experience."* He was an uncompromui 
defender of the aqueous theory of all rocks, bd 
scarcely surpassed by Burnet and Whiston, i 
desire to adduce the Mosaic writings in confirmalj 
of his opinions. 

Se Lite. — De Luc, in the preliminary discourse tai 
Treatise on Geologyf , says, " the weapons have b 
changed by which revealed religion is attacked; it isd 
assailed by geology, and the knowledge of this n 
has become essential to theologians." He imputes I 
failure of former geological systems tO' llieir hen 
been anti-mosaicai, and directed against a 
tradition." These and similar imputations, reiteial 
in the works of De Luc, seem to have been taken^ 
granted by some modern writers : it is therdi 
necessary to state, in justice to the numerous geolc^ 
of different nations, whose works have been considei 
that none of them were guilty of endeavouring,.! 
arguments drawn from physics, to invalidate scriptnrd 
tenets. On the contrary, the majority of them, 
who were fortunate enough " to discover the true 
causes of things," rarely deserved another part of 
the poet's panegyric, " Al^ue tnetus omnes atlijtat 
pedibus." Tlie caution, and even timid reserve, of 
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t Italian authors of the earlier period is 

y apparent ; and lUere can hardly be a doubt that 

J subscribed to certain dogmas, and particularly to 

e first diluvian theory, out of deference to popular 

I prejudices, rather thaD from conviction. But if they 

I were guilty of dissimulation, we must not blame their 

I irent of moral courage, reserving rather our condenm- 

1 for the intolerance of the times, and that in- 

qinsitoriat power which forced Galileo to abjure, and 

I dke two Jesuits to disclaim the theory of Newton.* 

Hntton answered Kirwan's attacks with great warmth, 

■idwitbtheindignation excited byunmerited reproach. 

He had always displayed, says Playfair, " the utmost 

BiipoBition to admire the beneficent design manifested 

B the structure of tlie world; and he contemplated 

h delight those parts of his theory which made the 

■KBtest additions to our knowledge of final causes." 

we may say with equal truth, that in no scientific 

* Id a most alite and iuternting article, the " Life of Go- 
bi," recently publislicd in the <' Library of Useful, Know. 
bdg«i? it ii asserted that bolh Galileo's uotk, and Ilia book of 
(IffpeniieUB " Nisi earrigalur," were still to be seen on the for- 
litt of tlie Indei at Rame in 1S2H. But I was assured 
ume yeai, by ProfesBur Sturpellini, at Kume, that Pius 
1 pontiff distinguished for his love of science, procured, in 
UtB, a repeal of the edicts against Galileo and the Copemimn 
•jMm. He assembled the Congregation ; and the late Cardinal 
Xbrisui, UMasor of the Sacred Office, proposed " that they should 
•ipe ofTibis scandal from tlie church." The repeal was carried, 
•Wi the dissentient voice of one Dominican only. Long before 
e Ibe Newtonian theory had been taught in the Sapienza, 
Catholic univeraties in Europe (with (he exception, I am 
loU, of Salainanca] ; but it wai always required of professors, in 
dtfcnnce lo tbe deareen of the church, m use the term /igpothetii, 
^alai of Ilieory. They noir spealc of ibe Ccpernican theory. 
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works in our language cen more eloquent passagee be 
found, concerning the titncBS, harmony, and grandeur 
of all parts of the creation, than in those of I'layfair. 
They are evidently llie unaffected expressions of a 
mind, which contemplated the study of nature, as best 
calculated to elevate our conceptions of the attribute* 
of the First Cause. At any oilier lime the force end 
elegance of Playfair's style must have insured popu> 
larity to the Huttouian doctrines ; but, by a singular 
coincidence, Neptunianism and orthodoxy were now 
asaociated in the same creed ; and the tide of prejudice 
ran so strong, that the majority were carried fiir away 
into the chaotic fluid, and other cosmological inventions 
of Werner. These fictions the Saxon professor had 
borrowed with little modilication, and without any im- 
provement, from his predecessors. They had not the 
smailest foundation either in Scripture or in common 
sense, but were perhaps approved of by many as being 
so ideal unci unsubstantial, that they could never come 
into violent collision with any preconceived opinions. 

According to De Luc, the first essential distinc- 
tion to be made between the various phenomena ex- 
hibited on the surihce of the earth was, to determine 
which were the results of causes still in action, and 
which had been produced by causes that had ceased to 
act. The form and composition of the mass of our 
continents, he said, and their existence above the level 
of the sea, must be ascribed to causes no longer in 
action. These continents emerged at no very remote 
period on the sudden retreat of the ocean, the waters 
of which made their way into subterranean caverns. 
The formation of llie rocks which enter into the 
crust of the earth began with the precipitation of gra- 
nite from a priniordial liquid, afler which other strota 
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containing the remains of organized bodies were de- 
pouted, till at last the present sea remained as the 
lesiduum of the primordial liquid, and no longer coa- 
tinued to proUuee mineral strata,* 

William Stmth, 1790.— While the tenets of the 
rival schools of Freyberg and Eilinburgh were warmly 
iCtpoused by devoted partisans, the labours ol' an indi- 
?ldual, unassisted by the advantages of wealth or station 
in society, were almost unheeded. Mr. William Smith, 
#n English surveyor, published liis " Tabular View of 
the British Strata" in l7SJ0i wherein he proposed a 
datsification of the secondary formations in the West 
oS England. Although lie had not communicated with 
■Werner, it appeared by this woi'k that he had arrived 
Bt the same views respecting the laws of Kuperposition 
of Btratlfied rocks ; that lie was aware that tlie order 
of succession of different groups was never inverted; 
lliat they might be identilied at very distant points 
by (heir peculiar organized fossils. 

From the time of the appearance of the " Tabular 
View," he laboured to construct a geological map of the 
whole of England ; and, with the greatest d isi uteres ted- 
.neis of mind, communicated the results of his inves- 
tigations to all who desired information, giving such 
publicity to his original views, as to enable his contem- 
iporaries almost to compete with him in the rpce. The 
executioD of his map was completed in 1815, and 
retnabs a lasting monument of original talent and 
HUraordinary perseverance ; for he had explored the 
wbole country on foot without the guidance of pre- 
nouB observers, or the aid of fellow labourers, and had 

• EkmnnUty Trealiae on Gpology. London, 1809. Trens- 
bttdbrDeUFite. 
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succeeded in throwing into natural divisions tlie whd* 
complicated series of British rocts.* D'Aubuissoo, 
distinguished pupil of Werner, paid a just tribute 
praise to tliis remarkable performance, observing, tha^ 
" what many celebrated mineralogists had only accoiD 
plished for a small part of Germany in the coarBe 
half a century, had been eiFected by a single individt 
for the whole of Eng!and."_f 

MODERN PROGRESS OF GEOLOGY. 

Having now arrived at the era of living author^ i 
shall bring to a conclusion this sketch of tbe progret 
of opinion in geology. The contention of the 
factions of the Vulcanists and Neptunists had b 
carried to such a height, that these names had becotw 
terms of reproach ; and the two parties had been lei 
occupied in searching for truth, than for such argumeu 
as might strengthen their own cause, or serve to anni 
their antagonists. A new school at last arose, wl 
professed the strictest neutrality, and the utmost ind 
ference to the systems of Werner and Hutton, ta 
who resolved diligently to devote their labours to ol 
servation. The reaction, provoked by the interaperano 
of the conflicting pai-ties, now produced a tendency t 
extreme caution. Speculative views were discounte 

■ Werner invented a new language to express his dividona 
rodcs, and some of his technii'al terms, such as grauvacke, gn 
■ml others, jmssed current in every country in Europe. S 
adopted for the mosl part English provincial lemis, often oE 
bHniiis sound, such as gault, combriuh, clunch clay, &c.< 
affixed them to subdivisiona of the British series. Manjp of I 
still retain tlieir place in our scientific classifications, and otles 
priority of arrangement. 

s Dr. FiHon's Memoir, before cited, p. 57. 
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njiced, and, through fear of exposing themselves to 
'&e suBpicion of a bias towards the dogmas of a party, 
nme geologists became anxious to entertain no opinion 
xbatever on the causes of phenomena, and were 
ined to scepticism even where' the conclusions 
lucible from observed facta scarcely admitted o 
[Jasonable doubt. 

'' Geohffical Society of London. — Rut although thi 
lelactance to theorize was carried somewhat to excess 
could be more salutary at such a moment 
suspension of all atten^pts to form what w< 
theories of the earth." A great body of w 
-, — were required ; and the Geological Society 
badon, founded in 1S07, conduced greatly to the at- 
InineDt of this desirable end. To multiply and record 
kiervatioiis, and patiently to await the result at some 
ire period, was the object proposed by them ; i 
: their favourite maxim that the time was no 
le for a genera! system of geology, but that all 
It be content for many years to be exclusively en- 
jeA in furnishing materials for future gencralizai 
\j acting up to these principles with consistency, they 
IB few years disarmed all prejudice, and rescued the 
nnce from the imputation of being a dangerous, oi 
Ht but a visiouary pursuit. 

A distinguished modern writer * has with truth 
Rrked, that the advancement of three of the m 
risions of geological inquiry have, during the lasl 
f century, been promoted successively by three dif- 
mnt nations of'Europe, — the Germans, the Knglish, 
' the French. We have seen that the systematic 
vAj of what may be called mineralogical geology had 
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its origin, and chief point of activity, in Germany,n 
Wemer first described with precision the mineral c 
ractere of rocks. The classification of tlie seconds 
formations, each marked by their pecuUar fossils, 1 
longs, in a great measure, to England, where the labours 
before alluded to of Smith, and those of the most active 
members of the Geological Society of London, were 
steadily directed to these objects. The foundation of 
the third branch, that relating to the tertiary form- 
ations, was laid in France by the splendid workof Cuvier 
and Brongniart, published in 1808, " On the Mineral 
Geography and Organic Remains of the Neighbour- 
hood of Paris." 

We may still trace, in the language of the science 
and our present methods of arrangement, the various 
countries where the growth of these several depart- 
ments of geology was at different times promoted. 
Many names of simple minerals and rocks remain to 
this day German, while the European divisions of the 
secondary strata are in great part English, and are, in- 
deed, often founded too exclusively on English types. 
Lastly, the subdivisions first established of the succes- 
sion of strata in the Paris basin have served as normal 
groups, to which other tertiary deposits throughout 
Europe have been compared, even in cases where this 
standard, as the reader will afterwards learn, was wholly 
inapplicable.* 

No period could have been more fortunate for the 
discovery, in the inmiediatc neighbourhood of Paris, of 
a rich store of well-preserved fossils, than the com- 
mencement of the present century; for at no former 
era had Natural History been cultivated with such 
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ithusiasm in the French metropolis : the labours of 

uvier in comparative osteology, and at Lamarck in 

cent and fossil shells, having raised these departments 

'study to a rank of which they had never previously 

len deemed, susceptihle. Their investigations had 

'entually a powerful eilect in dispelling the illusion 

rttich had long prevailed concerning the absence of 

ilogy between the ancient and modern state of our 

net. A close comparison of the reoent and fossU 

cies, and the inferences drawn in regard to their 

lits, accustomed the geologist to contemplate the 

th as having been at successive periods the dwelling- 

ce of animals and plants of different races, some of 

riiich were discovered to have been terrestrial, and 

tbeis aquatic — some fitted to live in seas, others in 

^e waters of lakes and rivers. By the consideration 

F these topics, the mind was slowly and insensibly 

withdrawn from imaginary pictures of catastrophes and 

haotic confusion, such as haunted the imagination of 

lie early cosmogonists. Numerous proofs were disco- 

^ed of the tramjuil deposition of sedimentary matter, 

id the alow development of organic life. If many 

friters, and Cuvier himself in the number, still con- 

lued to maintain, that " the thread of induction was 

|Boken,"yet, in reasoning by the strict rules of induction 

recent to fossil species, they in a great measure 

ysclaimed the dogma which in theory they professed. 

the adoption of the same generic, and, in some cases, 

the same specific, names for the exuvicc of fossil 

nimals, and their living analogues, was an important 

itep towards familiarizing the mind with the idea of the 

dentity and unity of the system in distant eras. It 

8 an acknowledgment, as it were, that part at least 

the ancient memorials of nature were written in a 

F 5 



106 MODERN PROGRESS C 



ofthJ 



3 



living language. Tlie growing importance, then, of tl 
natural liistory of orgaoic remains may be pointed out 
as the characteristic feature of the progress of the 
science during the present century. This branch of 
knowledge has already become an instrument of great 
utility in geological classification, and is continuing 
daily to unfold new data for grand and enlarged v 
respecting the former changes of the earth. 

When we compare theresult of observations in 
thirty years with those of the three preceding centuriea 
we cannot but look forward with the most sanguine 
expectations to the degree of excellence to which 
geology may be carried, even by the labours of the 
present generation. Never, perhaps, did any acieiM 
with the esception of astronomy, untold, ii 
brief period, so many novel and unexpected truths, at 
overturn so many preconceived opinions. The bcw 
had for ages declared the earth to be at rest, until ti 
astronomer taught that it was carried through t 
with inconceivable rapidi^. In like manner was the 
surfece of this planet regarded as having remained 
unaltered since its creation, until the geologist proved 
that it had been the theatre of reiterated change, f 
was still the subject of slow but never-ending fludj 
ations. The discovery of other systems in the boui 
r^ons of space was the triumph of astronomy: 
trace the same system through various transform- 
ations — to behold it at successive eras adorned with 
different hills and valleys, lakes and seas, and peopled 
with new inhabitants, was the delightful meed of 
f geological research. By the geometer were measured 
U tile regions of space, and the relative distances of the 
I heavenly bodies — by the geologist myriads of ageij 

I were reckoned, not by arithmetical computation, but m 

LI J 
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a train of phj'sical events — a euccession of phenomena ) 
10 the animate and inanimate worlds — signs which 
convey to our minds more dL'^nite ideas tlian iigureH 
in do of the immeneit}' of time. 
Whether our investigation of the earth's history and 
Mnicture wilt eventually be productive of as great 
practical beneSts to mankind, as a knowledge of the 
dtttaot heavens, must remain for the decision uf 
posterity. It was not till astronomy had been enriched 
ly the observations of many centuries, and liad made 
Umy against popular prejudices to the establishment 
hfa sound theory, that its application to the useful arts 
: conspicuous. The cultivation of geolt^ 
began at a later period ; and in every step which it has 
hitherto made toivards sound theoretical principles, it 
MS had to contend against more violent prepossess ionn, 
Tbe practical advantages already derived from it have 
M been inconsiderable : but our generalizations are 
fet imperfect, and they who follow may be expected to 
leiptlie most valuable fruitsof our labour- Meanwhile 
Bk charm of first discovery is our own ; and as we 
ttplore this magnificent field of inquiry, the sentiment 
Va great historian of our times may continually be 
pRsent to our minds, that " he who calls what has 
fSriihed back again into being, enjoys a bliss like that 
rf creating." • 

Hare and ThirlwaU'> 



CHAPTER V. 



GEOLOGV. 

Efieets of prepossesiionB in regard to the duration of pad time — 
or prejuilices arising from our peculiar position u inbatntaitla 
oFthe land — Or Uioae occBsroned b; our not seeing aublenaneui 
changes now in progress — All these causes combine to make 
the former course of Nature appear different from the prcseol. 
— Setcral objeclions to the aasumpiion, IhsC eiisting causes have 
produced the former changes of the earth's surface, removed by 
modern diecoveriea. 



If we reflect on the history of the progress of geology, 
as explained in the preceding chapters, wc perceive 
that there liave been great fluctuations of opinion 
respecting the nature of the causes to which all 
former changes of the earth's surface are referrible. 
The first observers conceived the muiiuiiients which 
the geologist endeavours to decipher to relate to an 
original state of the earth, or to a period when there 
were causes in activity, distinct, in kind and degree, 
from those now constituting the economy of nature. 
These views were gradually modified, and some of 
them entirely abandoned in proportion as obaervationa 
were multiplied, and the signs of former mutations 
more skilfully interpreted. Many appearances, wbicli 
had for a long time been regarded as indicating 
mysterious and extraordinary agency, were final Ijr 
recognueed as the necessary result of the laws i 
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governing the material world ; and the discovery of this 
unlooked for conformity has at length induced some 
ptiilosophers to infer, that, during the ages contem- 
plated in geology, there has never been any interrup- 
tion to the agency of the sanie unitbrm laws of change. 
The same assemblage of general causes, they conceive, 
may have been sufficient to produce, by their various 
OHiibiiiations, the endless diversity of effects, of which 
the shell of the earth has preserved the memorials ; 
lad, consislentiy with these principles, the recurrence 
«f analogous changes is expected by them in time to 

me. 

Whether we coincide or not in this doctrine, we must 
■idmit that the gradual progress of opinion concerning 
'the succession of phenomena in very remote eras, re- 
lembles, in a singular manner, that which has accom- 
panied the growing intelligence of every people, in 
regard to the economy of nature in their own times. In 

early stage of advancement, when a great number of 
uCnral appearances are unintelligible, an eclipse, an 
'Orthquake, a fiood, or the approach of a comet, with 
aany other occurrences afterwards found to belong to 
flie regular course of events, are regarded as 
Ibe same delusion prevails as to moral ph 

many of these are ascribed to the intervention ol' 
ions, ghosts, witches, and other immaterial and 
ll^ematura] agents. By degrees, many of the enig- 
of tbe moral and physical world are explained, 
ind, instead of being due to extrinsic and irregular 
cnues, they are found to depend on fixed and in- 
'nriable laws. The philosopher at last becomes con- 
iwed of the undeviating uniformity of secondary 
causes, and, guided by his faith in this principle, he 
detennines the probability of accounts transmitted to 
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him of former occurrences, and often rejects 
fabulous tales of former times, on the ground of thi 
being irreconcilable with the experience of more 
lightened ages. 

PrfpossESsiojis in rega-Td to the duration of f 
time, — As a belief in the nant of conformity in 
causes by wliicli the earth's crust lias been modtl 
in ancient and modern periods was, for a long tii 
universally prevalent, and that, too, amongst men v 
have been convinced that tbe order of nature is Ttow u 
forni, and that it has continued so for several thouw 
years, every circumstance which could have influeni 
their minds and given an undue bias to their oplnii 
deserves particular attention. Now the reader n 
easily satisfy himself, that, however undeviating i 
course of nature may have been from the earlti 
epochs, it was impossible for the first cultivators 
geology to come to such a conclusion, so long as th< 
were under a delusion as to the age of the world, 
tbe date of the first creation of animate beings. Hoi 
ever fantastical some theories of the sixteenth centi 
may now appear to us, — however unworthy of n 
of great talent and sound judgment, — we may r 
assured that, if the same misconceptions now prevail 
in regard to the meniorials of human transactions, 
would give rise to a similar train of absurdities. 
us imaguie, tor example, that Champollion, and 
French and Tuscan literati lately engaged in explorii 
the antiquities of li^gypt, had visited that country w 
a £rm belief that the banks of the Nile were nei 
peopled by the human race before the beginning 
the nineteenth century, and that their faith in tl 
dogma was as difficult to shake as the opinion of oi 
ancestors, that the earth was never the abode of living 
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beings until the creation of the present continentBi 
and of the species now existing, — it is easy to perceive 
what extravagant systems tliey would frame, while 
under the infineoce of this delusion, to account for the 
moQumeots discovered in Egypt. The sight of the 
pyramids, obelisks, colasgal statues, and ruioed templeSi 
would fill them with such astonishment, that for a time 
they would be as men spell-bound — wholly incapable 
to reason with Bobriety. They might incline at first 
to refer the construction of such stupendous works to 
some superhuman powers of a primeval world. A 
system might be invented resembiing that so gravely 
advanced by Manetho, who relates that a dynasty of 
gods originally ruled in Egypt, of whom Vulcan, the 
first monarch, reigned nine thousand years; after 
whom came Hercules and other demigods, who were 
ut last succeeded by human kings. 

When some fanciful speculations of this kind had 
amused the imagination for a time, some vast repository 
of mummies would be discovered, and would imme- 
diately undeceive those antiquaries who enjoyed an 
opportunity of personally examining theni ; but the 
prejudices of others at a distance, who were not eye- 
witnesses of the whole phenomena, would not be so 
easily overcome. The concurrent report of many 
travellers would indeed render it necessary for them 
to accommodate ancient theories to some of the new 
taa», and much wit and ingenuity would be required 
to modify and defend their old positions. Each new 

. invention would violate a greater number of known 
anslagies; for if a theory he required to embrace 
; false principle, it becomes more visionary in 

I proportioTi as facts are multiplied, as would be the 
if geometers were now required to form an 
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astronomical system on the assumption of the im 
bility of the earth. 

Amongst other fanciful conjectures concerning 
history of Egypt, we may suppose some of the folloi 
ing to be started. " As the banks of the Nile ha^ 
been so recently colonized for the first time, 
curious substaoces called mummies could never 
reality have belonged to men. They may have 
generated by some plastic virtue residing in 
interior of tiie earth, or they may be abortions 
nature produced by her incipient efforts in the w 
of creation. For if deformed beings are someti) 
born even now, when the scheme of the universe 
ftiliy developed, many more may have been 
before their time, scarce half made up,' whi 
planet itself was in the embryo state. But if thi 
notions appear to derogate from the perfection 
Divine attributes, and if these mummies be in all thi 
parts true representations of the human form, may 
not rei'er them to the future rather than the pai 
May we not be looking into the womb of Natv 
and not her grave? May not these images be 1 
the shades of the unborn in Virgil's Elysium — 1 
archetypes of men not 3'et called into existence ?" 

These speculations, if advocated by eloquent writf 
would not fail to attract many zealous votaries, 
they would relieve men from the painful necessity 
renouncing preconceived opinions. Incredible ai 
scepticism may appear, it would be rivalled by 
systems of the sixteenth and seventeenth centurii 
and among others by that of the learned Falloppio, w 
regarded the tusks of fossil elephants as earthy ci 
cretions, and the pottery or fragments of vases in I 
Testaceo, near Rome, as works of nature, a 
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rare and unconnected in their nature, which ^ 
imagined by the Woodwardian hypothesis to have "- 
happened in the course of a few months : and nu- 
merous other examples might he foimd of popular , 
geological theories, which require us to imagine that , 
a long succession of events happened in a brief and _ 
almost momentary period. 

Another liability to error, very nearly allied to tlie 
former, arises from the frequent contact of geological 
monuments referring to very distant periods of time. We 
often behold, at one glance, the effects of causes which 
have happened at times incalculably remote, and yet 
there may be no striking circumstances to mark the oc- 
currence of a great chasni in the chronological series of 
Nature's archives. In the vast interval of time which 
may really have elapsed between the results of ope- 
rations thus compared, the physical condition of the 
earth may, by slow and insensible modifications, have i 
become entirely altered; one or more races of organic 
beings may have passed away, and yet have tcfl behind, 
Id the particular region under contemplation, no trace 
of their existence. 

To a mind unconscious of these intermediate event* 
the passage from one state of things to another mutt 
appear so violent, that the idea of revolutions in the 
system inevitably suggests itself. Tlie imagination ii 
as much perplexed by the deception, as it might be if 
two distant points in space were suddenly brought inlo 
immediate proximity. Let us suppose, for a mooeoli 
that a philosopher sliould lie down to sleep in some arc- 
tic wilderness, and then be transferred by a power, such 
as we read of in tales of enchantment, to a valley in » 
tropical country, where, on awaking, he might find him- 
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Idf surrounded by birds of brilliant plumage, and all 
foe luxuriance of animal and vegetable furins of which 
Nature is so prodigal in these regions. The most rea- 
lonable supposition, perhaps, which he could make, if 
if the necromancer's art he was placed in such a aitu- 
ItioDi would he, that he was dreaming ; and if a geolo~ 
pat form theories under a siuiilar delusion, we cannot 
gcpect him to preserve more consistency in his specula- 
Sons, than in the train of ideas in an ordinary dream. 
Q The sources of prejudice hitherto considered may 
WG deemed peculiar for the most part to the infancy 
tf the science, but others are common to the first 
faultiTators of geology and to ourselves, and are all 
l^ogukrly calculated to produce the same decep- 
bm, and to strengthen our belief that the course of 
tature in the earlier ages differed widely from that now 
Bitablished. Although these circumstances cannot be 
^y explained without assuming some things as proved, 
rhich it will be the object of another [lart of this work 
b demonstrate, it may be well to allude to them briefly 
t) this place. 

Prejudices arising from our peculiar position a» iu- 
\gbiianl9 of Uie land. — The tirst and greatest diiUculCy, 
[hen, consists in our habitual unconsciousness that our 
nsition as observers is essentially unfavourable, when 
Ire endeavour to estimate the magnitude of the changes 
^w in pri^ess. In consequence of our inattention to 
tihis subject, we are liable to the greatest mistakes !n 
Contrasting the present with former states of the globe. 
As dwellers on the land, we inhabit about a fourth partof 
iifie surface; and that portion is almost exclusively the 
fl)eatreofdecay,and not of reproduction. We know, in- 
deed, that new deposits are annually formed in seas and 



the stratified rocks, containing GhtilU and other orgs 
remains, were the olde»t of created things, belonging 
to some original and nascent state of the plai 
these masses," he might say, " whether they consist gf 
loose incoherent sand, soft clay, or solid stone, non^ 
have been formed in modern times. Every year somft 
pari of them are broken and shattered by eartliquakef^ 
or melted up by volcanic fire ; and, wbeu they cgoL 
down slowly from a state effusion, tliey assume a new 
and more crystalline form, no longer exhibiting that ' 
stratified disposition, and those curious impressions and | 
fantastic markings, by which they were previously j 
characterized. This process cannot have been carried ' 
on for an indefinite time, for in thai case all the stra- 
tified rocks would long ere this have been liised and 
crystallized. It is therefore probable that the whole 
planet once consisted of these mysterious and curiouslr 
bedded forniationB at a time when tlie volcanic fire haff 
not yet been brought into activity. Since that period 
there seems to have been a gradual development of 
heat; and this augmentation we may expect to continue 
till the whole globe shalt be in a state of fluidity and. 
incandescence." 

Such might be the system of the Gnome at the very. 
time that t!ie followers of Leibnitz, reasoning on what' 
they saw on the outer surface, would be teaching lhe~ 
opposite doctrine of gradual refrigeration, and averring 
tliat the earth had begun its career as a fiery comely 
and might be destined hereafter to become a frozen' 
mass. The tenets of the schools of the nether anf 
of the upper world would be directly opposed to 
each other, for both would partake of the prejudices 
inevitably resulting from the continual contemplatlt 
of one class of phenomena to the exclusion of anoffl 
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3 observes the annual decomposition of crystalline 

igneous rocks, and may sometimes see their conver- 
into stratified deposits ; but he cannot witness the 

mversion of the sedimentary into the crystalline 
subterranean fire. He is in the habit of regarding 

the sedimentary rocks as more recent than the 
itralified, for the same reason that we may suppose 
I to fall into the opposite error if he saw the origin 
the igneous class only. 



low OF THE 
AND KXISTING CAUSES 
VHICAL. 

It is only by becoming sensible of our natural dis- 
trantages that we shall be roused to exertion, and 

rmpted to seek out opportunities of discovering such 
the operations now in progress, as do not present 
liemselves readily to view. We are called upon, in 
researches into the state of the earth, as in our 
BdeavouTB to comprehend the mechanism of the 
ivens, to invent means for overcoming the limited 
ge of our vision. We are perpetually required to 
fing, as far as possible, within the sphere of observa- 
things to which the eye, unassisted by art, could 
jCver obtain access. 

It was not an impossible contingency, that astrono- 
ers might have been placed at some period in a 
nation much resembling that in which the geologist 
ems to stand at present. If the Italians, for example, 
the early part of the twelfth century, had discovered 
Amalphi, instead of the pandects of Justinian, some 
Cient manuscripts filled with astronomical observa- 
i period of three thousand years, and 
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made by some ancient geometers who possessed o 
instmments as perfect as any in modem Europe, d 
would probably, on consulting these memorials, h 
come to a conclusion that there had been a ^ 
revolution in the solar and sidereal systems. " Many 
primary and secondary planetSi" they might say, " are 
enumerated in these tables, which exist no Igngen 
Their positions are assigned with such precision, that 
we may asiiure ourselves that there is nothing in their 
place at present but the blue ether. Where one star is 
visible to us, these documeuts represent several thoo- 
eands. Some of those which are now single, consisted 
'^en of two separate bodies, often distinguished by dif- 
ferent colours, and revolving periodically round a com- 
mon centre of gravity. Tliere is no anali^y to them in 
the universe at present; fortheywere neither fixed stars 
nor planets, but seem to havestood in the mutual relation 
of sun and planet to each other. We must conclude, 
therefore, that there has occurred, at no distant period, 
a tremendous catastrophe, whereby thousands of worids 
have been annihilated at once, and some heavenly 
bodies absorbed into the substance of others," When 
such doctrines had prevailed for ages, the discovery of 
one of the worlds, supposed to have been lost, by aid 
of the first rude telescope invented after the revival of 
science, would not dissipate the delusion for the wfaok 
burden of proof would now be thrown on those who 
itisifited on the stability of the system from a remote 
period, and these philosophers would be required to 
demonstrate the existence of ail the worlds said Co 
have been annihilated. 

Such popular prejudices would be most unfavouraHe 
to the advancement of astronomy ; for, instead of per- 
severing in the attempt to improve their instrumenta, 
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d laboriouslj' to make and record obaervations, the 
number would despair of verifying the continued 
Mtence of the heavenly bodies not visible to the 
ied eye. Instead of confessbg the extent ol' their 
Borance, and striving to remove it by bringing to light 
W &cts, tliey would be engaged in the indolent em- 
Isyment of framing imaginary theories concerning 
Raatrophes and mighty revolutions in the system of 



For more than two centuries the shelly strata of tlie 

line hills afforded matter of speculation to the 

jT geologists of Italy, and few of them had any 

dcion that similar deposits were then forming in the 

leighbouriDg sea. They were as unconscious of the 

itinued action of causes Btiil producing siuiilar 

sets, « the astronomers, in tiie case biJore sup- 

led, of the existence of certaia heavenly bodies stdl 

|IA)f and reflecting light, and performing their inove- 

ici as of old. Some imagined that the strata, 

rich in organic remains, instead of being due to 

agents, had been so created in tlie begin- 

of things by the fiat of the Almighty; and others 

the imbedded fossil bodies to some plastic 

vr which resided in the earth in the early ages of 

vodd. At length Uonati explored the bed of the 

ic, and found the closest resemblance between 

aew deposits there forming, and those which 

ited hills above a thousand feet high in various 

iru of the peninsula. He ascertained that certain 

Mia of living testacea were grouped together at the 

ittom of the sea in precisely the same manner as 

Ere their fossil analogues in the strata of the hills, 

A that tome species were common to the receivt and 

liil world. Beds of shelle, moreover, in the Adriatic) 

c 2 
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were becoming incrusted with calcareous rock : ant! 
others were recently enclosed in deposits of sand and 
clay, precisely as fossil shells were found in the hills. 
This splendid discovery of the identity of modern and 
ancient submarine operations was not made without dx 
aid of artilicial instruments, which, like the telescope, 
brought phenomena into view not otherwise within the 
sphere of human observation. 

In like manner, in the Vicentin, a great Beriea of 
volcanic and marine sedimentary rocks was examiaed 
in the early part of the last century ; but no geolo|^ 
suspected before the time of Arduino, that these woe 
partly composed of ancient submarine lavas. If, what 
these inquiries were first made, geologists had been 
told that the mode of formation of such rocks might be 
fully elucidated by the study of processes then going 
on in certain parts of the Mediterranean, they v/atM 
have been as incredulous as geometers would hate 
been before the lime of Newton, if any one bad in- 
foiined them that, by making experiments on '&i 
motion of bodies on the earth, they might diseotferlbe 
laws which regulated the movements of distant planetti 

The establishment, from time to time, of numenul 
pmtits of identification, drew at length from geologiatl 
a'r^ctant admission, that there was more coire- 
spondence between the physical constitution of the 
glribe, and more uniformity in the laws regulating the 
changes of its surface, from the moat remote eras to the 
present, than they at first imagined. If, in this state 
of the science, they still despaired of reconcihngeveiy 
class of geological phenomena to the operations of 
ordinary causes, even by straining analogy to the Ut- 
most limits of credibility, we might have expected, St 
least, that the balance of probability would now bavie 



presumed to incline towards the identity of the 
Ctuses. But, after repeated experience of the faih 
</. attempts to speculate on different classes of gi 

phenomena, as belonging to a distinct order of 
.esch new sect persevered systematic ally in the 
les adopted by their predecessors. They in- 
y began, as each new problem presented itself, 
irbether relating to the animate or inanimate world, 
sume in their theories, that the economy of nature 
formerly governed by rules for the most part 
wtependent of those now established. Whether they 
sdeavoured to account for the ori;,'in of certain igneoua 
nda, or to explain the farces which elevated liilla or 
ocavated valleys, or the causes which led to the 
extinction of certain races of animals, they first pre- 
apposed an original aud dissimilar order of nature ; 
lid when at length they approximated, or entirely 
round to an opposite opinion, it was always with 
Ihefeeling, that they conceded what they were justified 
iprmi in deeming improbable. In a word, the sam^ 
who, as natural philosophers, would have been 
incredulous respecting any extraordinary devia- 
irom the known course of nature, if reported to 
i$n happened m t/ieir own lime, were equally disposed, 
■(geologists, to expect the proofs of such deviations 
4i«*ery period of the past. 

tehali DOW proceed to enumerate some of the principal 
Acuities still opposed to the theory of the uniformity 
tf tbe causes which have worked successive changes in 
the crust of the earth, aud in the condition of its living 
iihabitants. The discussion of so important a question 
the present occasion may appear premature, but it 
i| one which naturally arises out of a review of the 
history of the science. It is, of course, impos- 
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gible to enter fully into such speculative topics, withoQt 
OCcaBionally currying the novice beyond his depth, and 
appealing to facts and conclu^ionB with which he most 
as yet be unacquainted; but his curiosity cannot fail 
to be excited by having his attention at once called to 
some of the principal points in controversy, and after 
reading the second, third, and fourlh books, he ina}> 
return again to these preliminary essays with iiicreattfl 
interest and profit. 

First, then, it is undeniable, that many objections to 
the doctrine of the uniform agency of geological cauBBB 
have been partially or entirely removed by the pro- 
gress of the science in the last forty years. It iras 
objected, for example, to those who endeavoured to 
explain the formation of sedimentary strata by CHuaes 
now Iti diurnal action, that they must take for granted 
incalculable periods of time. Now the time which 
they required has since become equally requiHte to 
account for another class of phenomena brought to 
light by more recent investigations. It must always 
have been evident to unbiassed minds, that successive 
strata, containing, in regular order of superposition, 
distinct beds of shells and corals, arranged in families 
as they grow at the bottom of the sea, could only have 
been formed by slow and in.sensible degrees iu a great 
lapse of ages : yet, until organic remains were minutely 
examined and specifically determined, it was rarely 
possible to prove that the series of deposits met with 
in one country was not formed simultaneously with 
diat found in another. But we are now able to deter- 
mine, in numerous instances, the relative dates of sedi- 
mentary rocks in distant regions, and to show, by their 
organic remains, that they were not of contemporary 
origin, but farmed in succession. Wc often find, that 
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Bhere an interruptioa in the consecutive tbrmatlons in 
Hie district is indicated by a sudden transition from 
^■he assemblage of fossil species to anotlier, the chasm 
Mi filled up, in some other district, by other important 

■ pogps of strata.* 

I The more attentively we study the European conti- 
H Dent, the greater we find the extension of the whole 
Hleries of geological fommtiona. No sooner docs the 
H nlendar appear to be completed, and the signs of a 
H uccession of physical events arranged in chronological 

■ nder, than we are called upon to intercalate, as it 
H f ece, some new periods of vast duration. A geologist. 
H vbpte observations have been confined to England, is 
H-Kcuitomed to consider the superior and newer groups 
H (f marine strata in our island as modern, — and such 
HitlKy are, comparatively speaking ; but when he has 
Hovelled through the Italian penmeula, and in Sicily, 
Hlbd has seen strata of more recent origin forming 
^■knuttains several thousand feet high, and has marked 
Blloag series both of vulcanic and submarine operations) 
KB newer than any of the regular strata which enter 
Hkgely into the physical structure of Great Britain, he 

letuntB with more exalted conceptions of the antiquity 
of some of our modern deposits, than he before enter- 
Uioed of the oldest of the liritish series. 
, We cannot reflect on the concessions thus extorted 
^Kun us, in regard to the duration of past time, without 
I jbRseeing that the period may arrive when part of the 
I theory will be combated on the ground of 
Wtingtoo far from the assumption of uniformity 
e order of nature. On a closer investigation of 
t volcanos, we find proofs that they broke out 

* Sev Book iv. cbsp. iii. 
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At Bucceesive eras, and that the eruptions of one group 
irere often concluded long before others had com- 
menced their activity. Some were burning when one 
class of organic beings were in existence, others caim 
into action wbeo a different and new race of nnimJl 
and plants existed : — it is more than probable, thew^ 
fore, that the convulsions caused by subierrnnean mafOf 
ments, which seem to be merely another portion of tfaa 
volcanic phenomena, have also occurred in successiCn; 
fmd their effects must be divided into separate bubia 
and assigned to separate periods of time. Nor is tbit 
bU; when we examine the volcanic products, whether 
they be lavas which Howed out under water, or \rpaa 
dry land, we find that intervals of time, often of great 
length, intervened between their formation, and that 
the effects of single eruptions were not greater id 
smount than those which now result from ordinarj 
volcanic convulsions. The accompanying or preceding 
eartiiquakes, therefore, may be considered to have beeti 
also successive, often interrupted by long intervals of 
time, and not to have exceeded in violence those now 
experienced in the ordinary course of nature. 

■ Already, tlierefore, may we regard the doctrine ol 
the sudden elevation of whole continents by paroxysmal 
eruptions as invalidated; and there was the greatest 
inconsistency in the adoption of such a tenet by the 
Huttonians, who were anxious to reconcile forraei 
changes to the present economy of the world. It was 
contrary to analogy to suppose, that Nature had been 
at any former epoch parsimonious of time and prodig^ 
of violence — ^to imagine that one district was not at 
re<^ while another was convulsed — tliat the disturbing 
we not kept under subjection, so as never to 
iiltaneous havoc and desolation over the 
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earth, or even over one great region. If it 
have been shovm, that a certain combination of 
lid at some future period produce a 
subterranean action, we sliould certainly 
We bad no right to oppose our experience for the 
lut three thousand years aa an argument against the 
frobability of such occurrences in past ages ; but it ie 
it pretended that such a combination can be foreseen. 
In speculating on catastrophes by water, we may 
■trlajnly anticipate great floods in future, and we may 
ticrefore presume that they have happened again and 
past times. The existence of enormous seas 
(f fresh water, such as the North American lakes, the 
it of which is elevated more than six hundred 
tut above the level of the ocean, and is in parts twelve 
feet deep, is alone sufficient to assure us, that 
e time may come, however distant, when a deluge 
ly lay waste a considerable part of the American 
itinent. The depression, moreover, of part of Asia, 
lering the Caspian Sea, to a depth of from one to 
^e hmidred feet below the level of the ocean, 
_ It easily give rise to a similar catastrophe. • No 
Igrpothetical agency is required to cause the sudden 
■cape of the waters. Such changes of level, and 
pening of fissures, as have accompanied earthquakes 
Bice the commencement of the present century, or 
■efa excavation of ravines as the receding cataract 
f Niagara is now effecting, might breach the barriers, 
liotwithstanding, therefore, that we have not witnessed 
mtbin the hist three thousand years the devastation 
by deluge of a large continent, yet, as we may predict 
tie future occurrence of such catastrophes, we are 
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authorized to regard them as part of the present o 
of Nature; »nd they may be introduced into geolt^ 
speculations respecting the past, provided we do n 
imagine them to have been more frequent or gener 
than we espect them to be in time to c 

The great contrast in the aspect of the older s 
newer rocks, in their texture, s 
derangement of the strata, appeared formerly oneoC 
^e strongest grounds for presuming that the cana 
to which they owed their origin were perfectly di 
similar from those now in operation. But thi§ i 
congruity may now be regarded as the natural i 
of subsequent modifications, since the difference If 
relative age is demonstrated to have been immenset flt 
that, however slow and insensible the change, it moM 
have become important in the course of so many sgW, 
In addition to the influence of volcanic heat, we nnlift 
allow for the effect of mechanical pressure, of (^emkii' 
affinity, of percolation by mineral waters, of tier mcM iat 
by elastic fluids, and the action, perhaps, of rasD^ 
Other forces less understood, such as electrici^ alA' 
magnetism, in regard to the signs of the uprainiN^ 
sinking, fracture, and contortion of rocks, it is evid^tl 
that newer strata cannot be shaken by earliigiuta^ 
unless the subjacent rocks are also affected; so tiWf 
the contrast in the relative degree of disturbance'^ 
the more ancient and the newer strata, is one of nUtW 
proofs that the convulsions have happened m dlfi^in 
eras, and the fact confirms the uniformity of the adSHK 
of subterranean forces, instead of their greater violetMJK 
in the primeval ages. "» 

Doatrine o/' Universai Forma^om, — The popote 
■ doctrine of universal formations, or the unlimitiM 
feograph\cB\ extent of strata, distinguished by siniilHI 
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■uoeral charactere, appeared for a long time to present 
insurmountable objections to (he suppogition, tliat the 
garth's cruBt had been formed by causes now acting. 
Xf it had merely been assumeJ, that rocks originating 
from fusion by subterraneau fire presented in all parts 
cf the globe a perfect correspondence in their mineral 
'^eoinposltion, the assumption would not have been 
pKtravagant; for, as the elementary substances that 
cater Itugely into the composition of rocks are few in 
fWiinber, they may be expected to arrange them- 
wlves invariably in the saiae forms, whenever the 
fjlementary particles are freely exposed to the action 
of chemical aflinities. But when it was imagined that 
gediBientary mixtures, including animal and vegetable 
jKmains, and evidently formed in the beds of an- 
t lakes and seas, were of a homogeneous naturv 
jtbrougbout a whole hemisphere, the dogma j>ro- 
K^ded at once all hope of recognizing the slightest 
jy between the ancient and modern causes of 
iB/ec&y and reproduction. We know that existing 
Itjirerfi carry down from different mountain cbains 
jiediment of distinct colours and composition : where 
jtie chmns are near the sea, coarse sand and gravel 
JB swept in ; where they are distant, the finest mud. 
l}Ve know, also, that the matter introduced by springs 
^tA lakes and seas is very diversified in mineral 
xonposition ; in sliort, caiUemparaneom strata now in 
ifbe progress of formation are greatly varied in their 
, composition, and could never afibrd formations of 
^pinogeneous mineral ingredients co-extensive with 
^he greater part of the earth's sur&ce. 

This theory, however, is in truth as inapplicable t9 
y(|l^ effects of those operations to which the fonnatioil 
f the earth's crust is due, as to the effects of exKUli^ 
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causes. The first investigators of sedimentary rocM 
had never reflected on the great areas ocCUfned M 
the modern deltas of large rivers ; still less on dfl 
much greater areas over which marine currents, pr^l 
ing alike on river-deltas, and continuous lines of seM 
coast, diffuse homogeneous mixtures. They weid 
ignorant of the vast spaces over which calcareous nilM 
other mineral springs abound upon the land and ill 
the sea, especially in and near volcanic regions, aofl 
of the quantity of matter discharged by them. Whefl 
therefore, they ascertained the extent of the geM 
graphical distribution of certain groups of ancien 
strata — when they traced them continuously from onl 
extremity of Europe to the other, and found thed 
flanking, throughout their entire range, great mountafl 
chains, they were astonished at so unexpected a diH 
covery; and, considering themselves at liberty IB 
disregard all modern analogy, they indulged in thfl 
sweeping generalization, that the law of continuiM 
prevailed throughout strata of contemporaneous origlfl 
over the whole planet. The difficulty of dissipatiifl 
this delusion was extreme, because some rocks, fonaefl 
under similar circumstances at different epochs, pre*] 
sent the same external characters, and often the sams ] 
internal composition; and all these were assumed t» J 
be contemporaneous until the contrary could be showBfl 
vhich, in the absence of evidence derived from direiH 
superposition, and in the scarcity of organic remaiiM 
was often impossible. ~ 

Innumerable other false generalizations have been 
derived from the same source ; such, for instance, si 
the former universality of the ocean, now disproved 
by the discovery of the remains of terrestrial vegetation 
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ia Strata of ev&ry age, even the most ancient. But I 
dull dwell no longer on exploded errors, but proceed 
it once to contend against weightier objections, which 
liU require more attentive consideration. 
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Prools ihst thu climate of the Northirn Hcmieplicrc was famu 
hotter— Direct proofs from ilie organic remains of the Sidl 
and Italian struts — Froofa from analogy derived from esd 
Quadrupeds — Imbedding of AnimaU in Ictbergs — SUm9 
Idam moths — Evidciici' in regard to temperature, from thai 
hIb of tertiary and secondary rocki — From the Plants at 
Cool formation — Nurtlicm limit of these fossils — Wbel 
Buch plants could endure the long continuance of an an 

Ctmaie of the Nortliern Hemisplicre formerly hotter. 
That the climate of the Nortliern hemisphere has V 
dei^one an important cliange, and that its mean annual 
temperature must once have resembled that now ex- 
perienced within the tropics, was the opinion of some of 
the first naturaliBts who investigated the contents of «tM 
ancient strata. Their conjecture became more probJM 
when the shells and corals of the secondary rocks wcM 
more carefully examined ; for these organic rcmu^ 
were found to be intimately coimected by generic affin- 
ity with Bpecies now living in warmer latitudes. At a 
later period, many reptiles, such as turtles, tortoises, 
and large saurian animals, were discovered in European 
formations in great abundance; and they supplied new 
and powerful arguments, from analogy, in support of 
the doctrine, that the heat of the climate had been 
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great when our secondary strata were depoaited. 
lastly, when the botanist turned his attention to the 
ipecitic determination of fossil plants, tlic evidence ac- 
quited the fullest confiriaatian ; &g th* floru of a coun> 
Vj is peculiarly influenced by temperature '. and the 
lacient vegetation of the earth might, more readily 
I Oiau the forms of animals, have afforded conflicting 
[(aaJi, tiad the popular theory been without tbundatiou. 
Wlien tlie examioationof animal and vegetable remains 
*BS extended to rocks in the most northern parts of 
Europe and North America, and even to the Arctic 
K^nE, indications of the aame revolution in climate 
wwe discovered. 

It cannot be said, that in this, as in many other de< 
partments of geology, we have investigated the phe- 
nomena of former eras, and neglected those of the 
present state of things. On the contrary, since the 
int agitation of tliis interesting question, the accessions 
Ed onr knowledge oflivinganimals and plants have been 
mniense, and have far surpassed all the data previously 
nbtained for generalizing, concerning the relation of 
certain types of organization to particulai- climates. 
The Wopical and temperate zones of South America 
nd of Australia have been explored; and, on dose 
cBBiuriBon, it has been found, that scarcely any of the 
^wciesof the animate creation in these extensive con- 
taents are identical vitli those inhabiting the old world. 
Vn the zoologist and botanist, well acquainted with the 
fM^phical distribution of oi^anic beings in other 
IMriE of the globe, would have been able, if distinct 
pnops of species had been presented to them from 
these regions, to recognize those which Jiad been ool- 
kcted ^m latitudes within, and those which were 
flight from without the tropics. 
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Before I attempt to explaiu tlie probable causes 
great vicissitudes of temperature on the earth's biun^ 
face, I shall take a rapid view of some of the principal: 
data which appear to warrant, to the utmost extentr 
the popular opinions now entertained on the subject. 
To insist on the soundness of the inference, is the more 
necessary, because some zoologists have of late under- 
taken to vindicate the uniformity of tlie laws of nature, 
not by accounting for former fluctuationB in climate, 
but by denying the value of the evidence in their 

Direct proof g from the fossil remains of living ^teeiet, 
— It is not merely by reasoning from analogythat weare 
led to infer a diminution of temperature in the climate 
of Europe ; there are direct proofs in cootirmation rf 
the same doctrine, in the only countries hitherto in- 
vestigated by expert geologists where we could expect 
to meet with such proofs. It is not in England oc 
Northern Erance, but around the borders of the Medi- 
terranean, from the South of Spain to Calabria, and ii 
the inlands of the Mediterranean, that we must look bn\ 
conclusive evidence on this question ; for it i 
strata where the organic remains belong to extinct 
species, but where hving species abound in a fosi3, 
atate, that a theory of climate can be subjected to tlia I 
cxperimenturo crucis. In Sicily, Ischia, and Calabria^ 
where the fossil testacea of the more recent straU 
belong almost entirely to species now inhabiting die 
Mediterranean, the concliologist remarks, that 
Tiduab in the inland deposits oflen exceed in ihtSt 
average size their living analogues, as if the circunli> 

* See two articles by ibe Rev. Dr. FJeming, in (lie Edinbiu^ I 
Meir Phil. Joura. Mo. lii. p. 3TT., April, 1S29; uii) No. au. | 
p. 65., Jan. 1S30, 
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Aances under which they formerly lived were r 
ferourable to their development.* Yet no doubt can 
%c entertained, on the ground of such difFerence in' 
Ifaetrdimensions, of their specific identity; because living 
tadhriduals of many of these species still attain, itf 
wanner latitudes, the average size of the fossils. 

As we proceed northwards in the Italian peninstila^ 
and pass from the region of active, to that of extinct 
volcanoS' — from districts now violently convulsed from 
time to time, to those which are comparatively undifl^ 
turbed by earthquakes, we find the assemblage of foe^ 
Bhetla, ia the modem (Subapennine) strata, to depart 
somewhat more widely from the tj'pe of the neighbour* 
ing seas. Tlie proportion of species identifiable witk 
tboae now living in the Mediterranean is atill conBider*- 
able ; but it no longer predominates, as in the Soutk 
of Italy, over the unknown species. Although t 
Durring in localities which are removed several degrees 
&rther from the equator, (as at Sienna, Parma, Astt 
dec) ttie shells yield clear indications of a hott«r cJi^ 
mate. Many of them are common to the Subapennine' 
hillg, to the Mediterranean, and to the Indian Oceanv 



, • I collected several hundred apeciea of shells in Sicily, at dif~ 
ferent eleVBtiona, sametjrnes fruin one Ihouaand lo three Ihouuan^ 
feet above the level of the sea, and forty species or more in Ischia, 
paitly froio au elevation of above one thousand feet, and the™' 
were carefully cotnpsred wiiJi recent shells procured by ProfeM!* 
O. G. CoatB, from the Neapolitan seas. Not only were the fossii 
aptd^ for the most part identical wHb those now living, but IJm 
leUttre abundauni in which difTcrent species occur in the am 
•nd in the sea corre5ponds in a remartable manner. Yot tl 
larger average eiie of the fossil individuals of many sped™ » 
verj atriking. A compariam of the foasil shells of the more n 
dero strata of Calabria and Otranio, iu the collection of Profeu 
Costa, aObrded liimilar results. 




1S8 CHANGE OF CLIMATE C^ookl. 

Those in the fossil state, and their Uving analogues 
from the tropics, correspond in size ; whereas the in- 
dividuals of the same species from the Mediterranean 
are dwarfish and degenerate, and stunted in their 
growth, for want of conditions which the Indian Ocean 
still supplies. * 

This evidence amounts to demonstration, and is not 
neutralized by any facts of a conflicting character; such, 
for instance, as the association, in the same group, of 
individuals referrible to species now confined to arctic 
regions. On the contrary, whenever any of the fossil 
shells are identified with living species foreign to the 
Mediterranean, it is not in the Northern Ocean, but 
between the tropics, that they must be sought.f On 

* Professors Guidotd of Fftnna, and BonelU of Turin, pointed 
out to me, in 1828, many examples in confinnadon of this p<nnt. 
Among others, I may mention that Bulla lignaria, a very com- 
mon shell, is invariably found fossil in the north of Italy of the 
same magnitude as it now reaches in the Indian sea, and much 
tmaller in a living state in the Mediterranean. Individuals, how- 
ever, of this great size are said to have been found at La Rochelle. 
The common Orthoceras of the Mediterranean, O. raphanlita, 
attains larger average dimensions in a fossil^ than in a recent 
state. 

f Thus, for example, Rostellaria curvirostris, found fossil by 
Signor Bonelli near Turin, is only known at present as an Indian 
shell. Murex cornutus, fossil at Asti, is now only known recent 
in warmer latitudes, the only localities given by Linnaeus and 
Lamarck being the African and Great Indian Oceans. Senegal 
is the principal known habitat at present. Con us antediluvi- 
anus cannot be distinguished from a shell now brought from 
Owbyhee. Among other familiar instances mentioned to me by 
Italian naturalists, in confirmation of the same point, Buccinum 
clathratum, Lam., was cited; but Professor Costa assured me 
that this shell, although extremely rare, still occurs in the Medi- 
temnean. M. Deshayes informs me that he has received it from 
the Indies. 
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fte oihcr han(l,'^ie associated unknown upecies belong, 
Sir the most part, to genera wliicli are now most largely 
fcvelopetl in equboctial regions, a», for example, the 
lescra Pleuroioma and Cypriea.* 

When we proceed to the central and northern parti 
rf Europe, I'ar from the modern theatres of volcanic 
•ction, where no considerable inequalities of the earth's 
Rr&ce have been produced, and where few marine 
have been upheaved since the present species 
were in existence, our opportunities are nocesgarilj' 
limited of procuring evidence. In such re- 
|loDfl it is only in lacustrine deposits, or in ancient 
river-beds, or in the sand and gravel of land-floods, or 
fte stalagmite of ancient caverns, that we can ob- 
proofs of the changes which animal life under- 
went during the deposition of the marine formations 
before adverted to. We often find, in such situations, 
emains of extinct species of (jiiadrupeds, such as 
ibe elephant, rhinoceros, hippopotamus, hyicna, and 
fee, which belong to genera now confined to warmed 
^ons. , 

It seems, tlierefore, fair to infer, that the same 
change of climate which lias caused certain Indian 
ifecies of testacea to become rare, or to degenerate in 
nt, or to disappear from the Mediterranean, — and 
eerttio genera ai' the Subapennine hills, now exclusively 

• Of the genus Plouroloma a very few living rapresciitative* 
IBM >«t been found in tbu Medilvirsnena ; yuL no ]<st thpn 
t>mty-Hve species are now tube seen in the muaeum at Turin, all 
pnnirad by Profeawr Uonelli from tlia SubujicntiiiiE strata of 
■ttlhmi luly. Tlic genus CypriEfl ii reiJrewntnl by innny large 
ipeciet in the Subapennme hitlB, n-ith vihlth am ussoclBted 
nil and two or three minute siitcim of llie tame genua, now 
leani in the Alcdile 
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tropical, to retain no longer any repr^^tatives in the 
adjoining seas, — may also have contributed to the 
annihilation of certain genera of land-mammifera» which 
inhabited the continents at about the same epoch. 
The mammoth (Elephasprimigenius)^ and other extinct 
animals of the same era, may not have required the 
same temperature as their living congeners within the 
tropics ; but we may infer that the climate was milder 
than that now experienced in some of the regions rnipe 
inhabited by them, because, in Northern Russia, where 
their bones are found in immense numbers, it would 
be difficult, if not impossible, for such animals to 
obtain subsistence at present during an arctic winter* 

.1 fully agree with Dr. Fleming, that the kind of food 
which the existing species of elephant prefers will not 
enable us to determine, or even to offer a feasible con- 
jecture, concerning that of the extinct species* No 
one, as he observes, acquainted with the gramineous 
character of the food of our fallow-deer, stag, or roe, 
would have assigned a lichen to the rein-deer. But^ 
admitting that the trees and herbage on which the 
fossil elephants and rhinoceroses may have fed were 
not of a tropical character, but such perhaps as now 
grow in the temperate zone, it is still highly improbable 
that the vegetation which nourished these great qua- 
drupeds was as scanty as that of our arctic r^ions, or 
that it was covered during the greater part of every 
year by snow. 

It has been said, that as the modem northern animals 
migrate, the Siberian elephant and rhinoceros may 
also have shifled their place to southern latitudes 
during the inclemency of the season.* That the mam- 

* Dr. Fleming, £din. New Phil. Journ. No. xii. p. S85. April, 
1829. 
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moth continu^for a long time to exist in Siberia 
after the winters had become extremely cold, is 
demonstrable ; since their bones are found in icebergs, 
aad in the frozen gravely in such abundance as could 
4nly have been supplied by many successive gener- 
ations. So many skeletons could not have belonged to 
herds wliich lived at one time in the district, even if 
tfaoee northern countries had once been clothed with 
T^etation as luxuriant as that of an Indian jungle. 

Tilesius, after giving an account of the immense 
quantity of mammoth's bones which had been pro- 
cured from the frozen soil of Siberia, justly observes, 
that the number of elephants now living on the globe 
must be greatly inferior to those which occur fossil in 
tiiose northern regions.* 

But, if we suppose the change to have been ex- 
tremely slow, and to have consisted, not so much in a 
diminution of the mean annual temperature as in an 
alteration from what has been termed an " insular" to^ 
an "excessive" climate,— from one in which the 
temperature of winter and summer were nearly equal- 
ized to one wherein the seasons were violently cou- 
toofited, — we may perhaps explain the phenomenon! 
Siberia and other arctic regions, after having possessed 
tor ages a more uniform temperature, may, after cert^n 
cbanges in the form of the arctic land, to be considered 
bereafterf , have become occasionally exposed to ex- 
tremely severe winters. When these first occurred, 
tiie valleys may have been, in summer at least, clothed 
with abundant vegetation; and herds of herbivorous 
quadrupeds may occasionally have been surprised and 

• l/LeaUUTa of the Acadiimy of Si. Fetersburgh, voL v. 
f See Chap. vii. 
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buried in snow and ice, by avalanclie^^acending froi^ 
the liiglier regions, as often happens to cattle and 
human beings ovenvtieliued in ttie Alpine valleys of . 
Switzerland. If a series of earthquakes accompanied 
the geographical changes which altered the climatA 
we may suppose the repetition of such catastrophes to 
have been indefinite. 

That the greater part of the elephants lived in 
Siberia after it had been subject to intense cold, if 
confirined, among other reasons, by the state of the 
ivory which has been so largely exported in commerce. 
Its perfect preservation indicates that, from the period 
when tlie individuals died, their remains were either 
buried in a frozen soil, or at least wero not exposed to 
decay in a warm atmosphere. The same conclusion 
may be deduced from the clothing of the mammoth. 
of wliich the entire carcass was discovered by Mi- 
Adams on the shores of the frozen ocean, near the 
month of the river Lena, inclosed in a muss of ice- 
The skui of that individual was covered with long htat 
and with thick wool about an inch in length.'* 

• Bishop Heber informa us (Narr. of a Joumey llirough tbe 
Upper Provinces of India, vol. li. p. IGU— 219.), Ihal in Ibff 
lower range of tlie Ilimalaj'a mountains, in the north-easlenl 
bonlen of the Delhi territory, hetweeo Int. 29° and 30°, he ■■# 
«R Indian elephant of a small die, covered with shaggy hair. BoC 
Mr- Riijrlo (late luperintendaut of the Eut India Comfofm 
Botanic Garden at SahmruinpDn;) has assured me, that being in 
India when Heber's Journal appeared, and having never seen or 
■leard of such elephants, he made the strictest inquiries raptetag 
the fact, and was never able to obluin any evidence in corrobon- 
tian. Mr. Royle resided at Saharumpore, Int. 30° N., upon Me 
erireme norlkem limit of the range of the elephant. Although h» 
found Ueber's notes to be full of ittummdei on botanical sod 
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In regard to Ihe imbeddmg' of mammiferous remaiiiB 
fat Irozen mud and compact ice, I may observe that, 
's the avalanches of suow above alluded to, deep 
terices filled with drift snow traverse the glaciers of 
felic regions, like the deep rents seen in the Titer de 
jiacs on Mont Blanc. Thus in Spitzbergen, where 
beats, foxes, and deer abound, the snow collected in 
fadi icy fissures is described as being occasionally 
over on the surface, and hard enough to bear 
I considerable weight. Dr. Latta relates that, while 
iing a glacier in Spitzbergen, one of these treach- 
B bridges of snow gave way with him, so that he 
•tnjwly escaped being precipitated into the body of 
\ glacier.* Dr. Richardson tells me that, in North 
Erica, about lat 65°, lie found the carcass of a deer 
wtch had fallen into a fissure in a rock, buried in 
hmr, and the fiesh, although the animal must have 
llSon dead three months, had only become slightly 
TBtrescent. In fissures traversing a slippery glacier, 
M accidents must be frequent whenever herbivo- 
( animals pass over them in their migrations, or 
iastily cross them when pursued by beasts of prey. 
' "Rie conversion of drift snow into permanent glaciers 
|>dicebergg, when it happens to become covered over 
th alluvial matter transported by torrents and floods, 
B by no means a rare phenomenon in the arctic 
). Along the coast, in particular, E. and W. of 
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the Maclcenzie river, when the sea is frozen over, liie 
taow drifted from the land forms a talus abutting 
against a perpendicular cliff. On the melting of the 
snow, torrents rush down from the land, charged with 
gravel and soil, and, falling over the edge of the cliff, 
cover the snow, which is often of considerable depth, 
with alluvium. Water, if any infiltration takes place, 
IB frozen before it penetrates to the botton) of the masB, 
which is at last consolidated into a compact iceberg, 
protected from the heat of the sun by a covering of ■ 
alluvium, on which vegetdtion often flourishes. j 

I am indebted to Dr. Richardson for this infonnatin^ | 
who has seen permanent glaciers forming in thii ' 
manner in districts of North America now inhabited 
by many large herbivorous animals. The same process 
must evidently take place under river-cliffs, as well ai 
along the sea-shore. 

Recent investigations have placed beyond all dm 
the important fact that a species of tiger, identic! 
with that of Bengal, is common in the neighbourboaft'J 
of Lake Aral, near Sussac, in the forty -fifth d 
nortli latitude ; and from time to time this animal ^m 
now seen in Siberia, in a latitude as far north as tl#f 
parallel of Berlin and Hamburgh,* Humboldt i 
marks that the part of southern Asia now inhabited t^ 
this Indian species of tiger is separated from the l 
alaya by two great chains of mountains, each cover 
with perpetual snow, — the chain of Kuenlun, N. lat.-S 
andthat of Mouztagh, Eat. 42°, — so that it is inipossiU 
that these animals should have merely made excurBioD 
from India, so as to have penetrated in summer to ti»l 
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forty-eighth and iifty-third degrees of nortli latitude. 
They must remain all the winter north of the Mouz- 
tagh, or Celestial Mountains. The last tiger killed, in 
1828, on the Lena, in lat. 52^°, was in a climate colder 
than that of Petersburgh and Stockholm.* 

A new species also of panther (^Feiis irbts), covered 
with long hair, has been discovered in Siberia, evidently 
inhabiting, like tlie tiger, a region north of the Celestial 
Mountains) which are in lat. 4'2°.f 

These facts by no means invalidate the inference 
that the temperature of the northern bemisphere was 
wanner when tbc extinct species of elephant, rhinoceros, 
.tiger, hyicna, and otlier genera, abounded in high lati- 
tudes, but they may throw much light on the evidence 
which geology aifords of certain individuals of these 
races having been enabled to survive down to compara- 
tively modem times. A long series of ages may have 
intervened between the periods when such species were 
most flourishing and the era of tlieir final extinction. 
The mammoth certainty appears to have survived in 
England when the temperature of our latitudes could 
not have been very diifereot from that which now 
jNrevails ; for remains of this animal have been found 
U North Clift^ In tlie county of York, in a lacustrine 
ibnnation, in which all the land and freshwater shells, 
, thirteen in number, can be identilied with species and 

■ varieties now existing in that county. Bones of the 
\ bison also, an animal now inhabiting a cold or temper- 
I. Ue climate, have been found in the same place. That 
I these quadrupeds, and the indigenous species of tes- 
I tacea associated with them, were all contemporary 
Ir inhabitants of Yorkshire, has been established by un- 

■ equivocal proof. The Rev. W. V. Vernon Harcourt 

■ * Ehrenberg, Ann. des Sd. Nat. tom. xxi. f . 390. 
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caused a pit to be sunk to the depth of twenty-ti 
feet through undisturbed strata, in which the remai 
of the mammoth were found imbedded, K^ethe 
the shells, in a deposit which had evidently resulte 
from tranquil waters." 

Proofs from analogy of extinct species. — If 
&om the consideration of these more modern i 
whether of marine or continental origin, ii 
existing species are abundttntly intermixed » 
estinct, to the Eocene f or older tertiary strata, n 
can only reason frotn analogy ; since none of the s[ 
ofveTtebratedanimals.andscarcely any of the testa 
of those tbrmations, are identifiable with species n 
in being. In the deposits of that more remote period 
we find the remains of many animals analogous t 
those of hot chmates, such as the crocodile, 
and tortoise, together with many lai^e shells of tl 
genus nautilus, and plants indicating such a tempc 
ature as is now found along the southern borders a 
the Mediterranean. 

A great interval of time appears to have t 
between the deposition of the last-mentioned I 
strata, and the secondary formations, which cot 
the principal portion of the mure elevated I 
Europe. In these secondary rocks a very distil 
assemblage of organized fossils are entombed, e 
unknown species, and many of them referrible I 
genera and families now most abundant between t 
tropics. Among the most remarkable are many g 
gantic reptiles, some of them herbivorous, othe^ 
carnivorous, and fer exceeding in si^e any now knoifl 
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even in the torrid zone. The genera are for the most 
part extinct, but some of them, as the crocodile and 
monitor, have still representatives in the warmer parts 
of the earth. Coral reefs also were evidently numerous 
in the seas of the same period, and composed of 
species belonging to genera now characteristic of a 
tropical climate. The number of immense chambered 
shells also leads us to infer an elevated temperature ; 
and the associated fossil plants, although imperfectly 
known, tend to the same conclusion, the CycadeE 
l^gnstituting the most numerous family. 

But the study of the more ancient coal deposits 
bsB yielded the most e^itraordinary evidence of an 
gXtremely hot climate ; for it appears from the fos- 
fits of that period that the flora consisted almost ex- 
BUBively of large vascular cryptogamic plants. We 
tearn, irom the labours of M. Ad. Brongniart, that 
here existed at that epoch Equiseta upwards of ten 
feet high, and from five to six inches in diameter ; 
iree ferns, or plants allied to them, of from forty to 
Ifty feet in heif^ht, and arborescent Lycopodiaceee, 
if from sixty to seventy feet high.* Of the above 
Bses of vegetables, the species are all small at pre- 
it in cold climates ; while in tropical regions there 
nir, together with small species, many of a much 
ireater size, but their development at present, even 
I the hottest parts of the globe, is inferior to that 
bdicated by tlie petrified forms of the coal formation, 
n elevated and uniform temperature, and great hu- 
ifidity in the air, are the causes most favourable for 
e numerical predominance and the great size of 
ese plants within the torrid zone at present. It is 
' Consid. C^n^ies sur lit Nature de I 
mSd. Nal., Nov. 1838. 
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true that as the fossil flora conBists of such plants as 
may accidentally have been floated into seas, lakes, 
or estuaries, it may often, perhaps always, give a false 
representation of the numerical relations of fainilieB 
then living on the land. Yet, afler allowing for all lia- 
bility to error on these (grounds, the argument founded 
on the comparative numbers of the fossd plants of the 
carboniferous strata is very strong. 

" In regard to the geographical extent of the ancient 
vegetation, it was not confined," says M. Brongniart, 
<■ to a small space, as to Europe, for example t fi)T 
the same forms are met with again at great distauceS' 
Thus, the coal plants of North America are, for the 
most part, identical with those of Europe, and d 
belong to the same genera. Some specimena, aleOt 
from Greenland are reierrible to ferns, analogous to 
those of our European coal mines; and it appears, 
from the description of those brought from Baffin's 
Bay by Captain Parry, but which I have not examined 
myself, that they belong to very similar species."* 

The fossil plants brought from Melville Island, 
although in a very imperfect state, have been sup- 
posed to warrant similar conclusionsf ; and assuming 
that they should agree with those of Baffin's Bay, 
mentioned by M. lirongnitfft, liow shall we explain 
the manner in which sud) a vegetation lived through 
an arctic night of several months' duration? J 

• Prodrome d'une HM. dus WtgH. Foss. p. 179. 

t Konig, Journ. of Sci. yoI. si. p. 20. Mr. Konig Jtironni 
me, that be do longer belieics anj' of these foGSJI* to be tree fenu, 
as he at first slated, but that thejr agree with tropical fonns of 
planls in our En^lUh coal.beds. The Melville Manda; 
now in ihe British Museum, are very obscure impresainns. 

t Fossil Hora of Great BHtain, by John Lindley ud 'V 
Batton, Esqn. No. IV. 
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This point has of late been dwelt upon by Professor 
siderable difficulty*; and he is 
lin to the favourite hypothesis 
derangement in the position of 
But all astronomers are 
ns oo sudi a change are inad- 
npatible with the laws of equili- 
^trophe, such as the collision of 
id admitted as adequate to alter 
obliquity of the axis, the problem is by no means 
■ed ; for in that case the seas would have all rushed 
the new equator, and wauld probably stilt be insuf- 
mt to restore equilibrium.-^ The bulge, also, of the 
lent equator ought still to be visible, crossing the 
lent Line at two points, whereas no such irregularity 
Its in the form of the spheroid. 
Jt may seem premature to discuss the question now 
Kd, until more accurate determinations have been 
ide respecting the true nature of the fossil flora of 
e arctic regions; yet, as the question has attracted 
me attention, let us assume for a moment, that the 
id plants of Melville Island are strictly analogous to 
We of Northumberland — would such a fact present 
I inexplicable enigma to the vegetable physiologist? 
Kants, it is affirmed, cannot be retained in darkness, 
ren for a week, without serious injury, unless in a 
krpid state ; and if exposed to heat and moisture they 
laot remain torpid, but will grow, and must there- 
t perish. If, then, in the latitude of Melville Island, 
° N., a high temperature, and consequent humidity, 

' Fixsil Flora, No. IV. ; and in his Lectures. Mr. LindJej tells 
ibgwever, tbat he lias not yet (Oct. 183.1) hitd opportunities af 
ODfUng the fossil plants of higli latifudes. 
I Mrs. Sotnervillc's Mctli. of Heavens, Prel. Disc, p, 38. 
H 3 
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{prevailed at that period when we inow the arctic teas 
were filled with corals and large mullilocular dielU, 
how could plants of tropical forms have flourished? 
Is not the bright light of equatorial regions as indis- 
pensable a condition of their well-being as the sultry 
heat of the same countries? and how could they annoallf 
endure a night prolonged for tliree months?* 

Now, we must bear in mind, in the first placci that, 
so far as experiments have been made, there is every 
reason to conclude, that the range of intensity of li^t 
to which living plants can accommodate thcmfielves is 
fer wider than that of heat. No palms or tree-ferns 
can live in our temperate latitudes without protection 
from the cold, but when placed in hot-houses they 
grow luxuriantly, even under a cloudy sky, and where 
much light is intercepted by the glass and frame- 
work. At St. Petersburg, in lat. 60° N^ these plants 
have been successfully cultivated in hot-houses, al- 
though here they must exchange the perpetual equinox 
of their native regions for days and nights which at cer- 
tain seasons are protracted to nineteen hours, at oHxn 
shortened to five. How much farther towards die 
pole they might continue to live, provided a due 
quantity of heat and moisture were supplied, has not 
yet been determined ; but St. Petersburg is probably 
not the utmost limit, and we should expect that in 
lat, 65° at least, where they would never remain twen^- 
four hours without enjoying the sun's light, they might 
still exist. 

Nor must we forget that we are always speaking of 
Uving species formed to inhabit within or near the 
tropics. The coal plants were of perfectly distinct 



• Fossil Flora, No. IV. 



and may have been endowed with a different 
idtution, enabling them to bear a greater variation 
f circumstances in regard to light. We find tliat par< 
cular B|>ecies of palms and tree ferns require at present 
lerent degrees of heat; and that some species can 
rive only in the immediate neighbourhood of the 
{uator, others only at a distance from it. In the 
me manner the minimum of lig/il, sufficient for the 
nr existing species, cannot be taken as the standard 
r all analogous tribea tliat may ever have flourished 
1 the globe. 

But should we concede, for the sake of argument) 
at the extreme northern point to which a {lora like 
it of the carboniferous era could ever reach may be 
mewhere between the latitudes of 65° and 70°) we 
KHdd still have to inquire whether the vegetable re- 
tina might not liave been drifted from thence, by 
rers and currents, to the parallel of Melville Island) 
! Still farther. In the northern hemisphere, at pre- 
Dt, we see that the materials tor future beds of 
pite and coal are becomuig amassed in high latitudes, 
I from the districts where the forests grew, and on 
luei where scarcely a stunted shrub can now exist. 
he M&clceazie, and other rivers of North America, 
Ury pines with their roota attached for many hundred 
fles towards the north, into the arctic sea, where 
Ky are imbedded in deltas, and some of them drifted 
ill farther by currents towards the pole. 

Some of the appearances of our English coal fields 
tern to prove that the plants were not floated from 
teat distances ; for the outline of the stems of succu- 
int species preserve their sharp angles, and others have 
■heir surfaces marked with the mo»t delicate lines and 
■treuks. Long leaves, also, ore attached in many in. 
^H i 
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Stances to the trunks or broncties*; and leaves we 
know, in general, are soon destroyed when steeped in 
water, altliough ferns will retain their forms after an 
immersion of several months.f It seems fair to pre- 1 
sume that the coal plants may have grown upon t' 
same land, the destruction of which provided niateriah^ 
for the sandstones and conglomerates of the group of ' 
strata in which they are imbedded ; especially as the 
coarseness of the particles of many of these rocks 
attests that they were not borne from very remote 
localities. 

Before we are entitled to enlarge farther on this 
question of transportation, we must obtain more precise 
information respecting the state of the various fossils 
which have been found principally in the coal sandstones 
of high latitudes, and we must learn wliether they bear 
the marks of friction and decay previous to their fotf- 
silization. 

To return, therefore, from our digression, the uni» 
jured corals and chambered univalves of Iglulic, MelviSe 
Island, and other high latitudes, sufficiently prove tl 
during the carboniferous period, there was an elevated 
temperature even in northern regions bordering on ti 
arctic circle. The beat and humidity of the air, ai 
the uniformity of climate, appear to have been mt 
remarkable when the oldest strata hitherto discovered 
were formed. The approximation to a climate similai 
to that now enjoyed in these latitudes does not c 
ntence till the era of the formations termed tertiary} 
and while the different tertiary rocks were deposited 

• Fossil Flora, No. X. 

t This li«$ been proted by Mr. Lindiej, who is now con 
a leriiH of ex peri men It. on Itie subject. 
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in succession, the temperature seems to have been still 
further lowered, and to have continued to diminish 
gradually, even after the appearance upon the earth of 
a great portion of the existing species. 
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CHAPTER VII. 

FURTHER EXAMINATION OF THE QUESTION AS TO THE 
DISCORDANCE OF THE ANCIENT AND MODERN CAUSES 
OF CHANGE. 

On the causes of vicissitudes in climate — Remarks on the present 
diffusion of heat over the globe — On the dependence of the 
mean temperature on the relative position of land and sea— 
Isothermal lines — Currents from equatorial regions -— DriftiDg 
of icebergs — Different temperature of Nortliem and Southern 
hemispheres — Combination of causes which might produc&tfae 
extreme cold of which the earth*s surface is susceptible — 
Conditions necessary for the production of the extreme of heat, 
and its probable effects on organic life. 

Causes of vicissitudes in Climate. — As the proofe 
enumerated in the last chapter indicate that the earth's 
surface has experienced great changes of climate since 
the deposition of the older sedimentary strata, we have 
next to inquire, how such vicissitudes can he reconciled 
with the existing order of nature. The cosmogonist 
has availed himself of this, as of every ohscure problem 
in geology, to confirm his views concerning a period 
when the laws of the animate and inanimate world 
differed essentially from those now established ; and 
he has in this, as in all other cases, succeeded so 
far, as to divert attention from that class of facts, 
which, if fully understood, might probably lead to aa 
explanation of the phenomenon. At first it was ima- 
gined that the earth's axis had been for ages perpen- 
dicular to the plane of the ecliptic, so that there was a 
perpetual equinox, and unity of seasons throughout 



years — ^^^ the planet enjoyed this 'paradiiiaeal' 
te until the era of the great flood ; but in that 
irophe, whether by the shock of a comet, or some 
ler convulsion, it lost its equal poise, and hence the 
liquity of its axis, and wilh that the varied seasons 
the temperate zarie, and the long nights and days 
the polar circles. 

When the advancement of astronomical science had 
iloded this theory, it was assumed, that the earth 
its creation was in a state of fluidity, and red hot, 
I that ever since that era it had been cooling down, 
itracting its dimensions, and acquiring a solid crust, 
an hypothesis equally arbitrary, but more calculated 
lasting popularity, because, by referring the mind 
ECtly to the beginning of things, it requires no sup- 
t from observation, nor from any ulterior hypothesis. 
Iiey who are satisfied with this solution are relieved 
a all necessity of inquiry into the present laws 
rfi regulate the diffusion of heat over the surface ; 
however well these may be ascertained, they can- 
possibly afford a full and exact elucidation of the 
emal changes of an embryo world. As well might 
naturalist, by merely studying the plumage and 
lemal forms of full-fledged birds, hope to divine the 
of iheir eggs, or the mysterious metamorphoses 
yolk during incubation. 
But if, instead of vague conjectures as to what might 
e been the state of the planet at the era of its 
ition, we fix our thoughts steadily on the connexion 
present between climate and tlie distribution of land 
ea; and if we then consider what influence 
r fluctuations in the physical geography of the 
must have had on superficial temperature, we 
ly perhaps approximate to a true theory. If doubt 
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Btill remain, it should be ascribed to our ignorance of 
the laws of Nature, not to revolutions in her economy ; 
— it atiould stimulate ug to further research, not tempi 
UB to indulge our fancies in framing imaginary systems 
for the government of infant worlds. 

Laws goveraiiiff tke diffusion of lieat over die gMx, — 
In considering the laws which regulate the diffusion 
of heat over the globe, says Humboldt, we must 
beware not to regard the climate of Europe as a type 
of the temperature which all countries placed under 
the same latitude enjoy. The physical sciences, ob- 
serves this philosopher, always bear the impress of 
the places where they began to be cultivated ; and as, 
in geology, an attempt was at first made to refer all 
the volcanic phenomena to those of the volcanos in 
Italy, so, in meteorology, a small part of the old world, 
the centre of the primitive civilization of Europe, was 
for a long time considered a type to which the climate 
of all corresponding latitudes might be referred. But 
this region, constituting only one seventh of the whole 
globe, proved eventually to be the exception to the 
general rule ; and for the same reason we may warn 
the geologist to be on his guard, and not hastily to 
assume that the temperature of the earth in the 
present era is a type of that which most usually 
obtains, since he contemplates far mightier alterations 
in the position of land and sea, at different epochs, 
than those which now cause the climate of Europe 
to differ from that of other countries in the same 
parallels. 

It is now well ascertained that zones of equal 
warmth, both in the atmosphere and in the waters 
of the ocean, are neither parallel to the equator nor to, ■ 



Mch other.* It is also discovered that tlie same mean 
pnnual temperature may exist in two places which 
^"~ very different climates, for the Beasona maybe 
Bearly equalized or violently contrasted. Thus the 
of equal winter temperature do not coincide with 
lines of equal annual heat, or ieothcrmal lines. 
iTbe deviations of all these lines from the same parallel 
of latitude are determined hy a multitude of circum- 
llinces, among the principal of which are the position, 
Erection, and elevation of the continents and islands, 
file position and deptiis of the sea, and the direction of 
carrents and of winds. 

It ia necessary to go northwards in Europe in order 
Ito find the same mean quantity of annual heat as 
« a similar latitude in North America. On com- 
ing these two continents, it ia found that places 
^tuated in the same latitudes have sometimes a mean 
difference of temperature amounting to 11", or even 
tometimes 17°, of Fahrenheit ; and places on the two 
Contioenls, which have the same mean temperature, 
luve sometimes a difference in latitude of from 7° to V 
IS'.-j- The principal cause of greater intensity of J 
odd in corresponding latitudes of North America and ., 
EoTDpe, is the connexion of the former country with 
tbe polar circle, by a large tract of land, some of which | 

We are indebted to Baron Alex. HumbDldl for coUectine 1 
li|Mh«r, in a beautiful essay, Ihi! scattered data on whicb 9c 
IppiDiinm^un to a true tlieor; of the distribution oriieatover 
|kibe msj be fuundcd. Many of these data are derived from the 
■uthv'B own obwrvationa, aiid many from the works of M. Pre- 
*0M OD tbe rediation of heat, and other writers. — See Humboldt 
h* laothermal Lines, M^maires d'ArcudJ, torn. iii. translated 
vEdin. Phil. Journ. vol. iii. Jul^, 1820. 
t Humboldt's tables. Essay on Isolbermal Lines, &c. 
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U from three to five thoiuand feet in he^t, sad. aim 
the other hand, the separation of Europe Aom ibmm 
arctic circle by an ocean. The ocean has a tenden^V 
to preserve every where a mean temperature, trhidtl 
it communicates to the contiguous land, so (hat ill 
tempers the climate, moderating alike an excess oCl 
heat or cold. The elevated land, on the other handg-l 
rising to the colder regions of the atmosphere, becomet'l 
a great reservoir of ice and snow, attracts, coodensefli J 
and congeals vapour, and communicates its cold to thsfl 
adjoining country. For this reason, Greenland, fomKS 
ing part of a continent which stretches northward Mw 
the 82d degree of latitude, experiences under the 60ttu 
parallel a more rigorous climate than Lapland unde^l 
the 72d parallel. I 

But if land be situated between the 40th parallell 
and the equator, it produces, unless it be of extrem^fl 
height, exactly the opposite effect, for it then wannffl 
the tracts of land or sea that intervene between it ^fl 
the polar circle. For the surface being in this caaa 
exposed to the vertical, or nearly vertical rays of tfa^f 
sun, absorbs a large quantity of heat, which it difiiiaej 
by radiation into the atmosphere. For this reason, thtfl 
western parts of the old continent derive warmth firooiH 
Airica, " which, like an immense furnace," says MaltjgjS 
BruD*, " distributes its heat to Arabia, to Turkey ^9 
Asia, and to Europe." On the contrary, Asia, in i^tU 
north-eastern extremity, experiences in the samffl 
latitude extreme cold; for it has land on the nortl« 
between the 60th and 70th parallel, while to the soutlrl 
it is separated from the equator by the North Pacific. I 

In consequence of the more equal temperature of th(n 

* Phjs. Geog. boot ivii. ^M 



waters of the ocean, the climate of islandx and coasts 
differs esBenti ally from that of the interior of continents, 
the former being characterized by mild winters and 
re temperate summers : for the sea breezes moderate 
the cold of winter, as well as the summer heat. When, 
therefore, we trace round the globe those belts in 
which the mean annual temperature is the same, we 
often find great differences in climate ; for there are 
msttlar climates where the seasons are nearly equalized, 
excessive climates, as they have been termed, 
where the temperature of winter and summer is 
strongly contrasted. The whole of Europe, compared 
with the eastern parts of America and Asia, has an 
insular climate. The northern part of China, and the 
Atlantic region of the United States, exhibit " exces- 
sive climates." We find at New York, says Humboldt, 
summer of Rome and the winter of Copenhagen ; 
St Quebec, the summer of Paris and the winter of 
Petersburgh. At Pekin, in China, where the mean | 
temperature of the year is that of the coasts of Brittany, 
the scorching heats of summer are greater than at | 
Cairo, and the winters as rigorous as at Upsal." 

If lines be drawn round the globe through all those 
places which have the same winter temperature, they 
are found to deviate from the terrestrial parallels much i 
farther than the lines of equal mean annual heat. , 
The lines of equal winter in Europe, for example, 
often curved so as to reach parallels of latitude 9° or 
10° distant from each other, whereas the isotherm^ f 
lines only differ from 4° to 5°. 

Influence of currents on temperature. — Among other J 
influential causes, both of remarkable diversity it 
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mean annual heat, and of uoequal division of beS' 
tlie different seasons, are tlie direction of currenti i 
the accumulation und drifting of ice in high latitui 
That most powerful current, called in one part of 
course the Gulf stream, after duuhling the Cape 
Good Hope, flows to the northward along the 
coast of Africa, then crosses the Atlantic, and aci 
mulates in the Gulf of Mexico. It then issues throi 
the Straits of Bahama, running northwards at the i 
of four miles an hour, and retains in the parallel of 31 
nearly one thousand miles from the above Btrait, 
temperature 10° Fahrenheit warmer than the air. 

The general climate of Europe is materially afiecte 
by the volume of warmer water thus borne n 
for it maintains an open sea free from 
meridian of East Greenland and Spitzbergen, and tb 
moderates the cold of all the lands lying to the sou) 
Until the waters of the great current reach the 
cumpolar seo, their specific gravity is less than that 
the lower strata of water ; but when they arrive at 
Spitzbergen, they meet with the water of melted ii 
which being nearly fresh is still lighter, for it is awd 
known law of this fluid, that it passes the point 
greatest density when cooled down below 40°, i 
between that and the freezing point expands again. 

■ Scoreiby'B Arctic Regions, vol. i. p. 2\0, From the circuit 
Mance of in undenlrulum of water in the Spiubergen 
genenlljF warmer bjr some clegree§ tlian at the aurfsee, ■' tliougb 
mniUr specific gravity," Scoreiby infcra that "the wi 
in this cue the most dense, or why does it not rig 
pUcei with the colder water at the auHace?" But Erman (Fog-' 
gendorTa Annalen, IBZ8, vol. lii. p. 483.) hit proved b]r ra| 
meni, that sea-vrater does not Tollow the aamo law as fVeih wj 
M De Luc, Rumford, aivd Marcet luppoied. On the 
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The great glaciers generated in the valleys of 
jtabergeti, in the 79° of north latitude, are almoBt 
. cut off at the beach, being melted by the feeble 
of heat retained by the Gulf stream. In 
n's Bay, on the contrary, on the east coast of Old 
niand, where the teniperaCnre of the sea is not 
tigated by the same cause, and where there is no 
mer under-current, the glaciers stretch out from 
shore, and furnish repeated crops of mountainous 
ses of ice which float off into the ocean.* The 
iber and dimensions of tliese bergs is prodigious, 
ptain Rosa saw several of them together in Baffin's 
y aground in water fifteen hutulrcd feet deep ! 
ly of them are driven down into Hudson's Bay, 
accumulating there, diffuse excessive cold over 
neighbouring continent ; so that Captain Franklin 
^rts, that at the mouth of Hayes river, which lies 
the same latitude as the north of Prussia or the 
bth of Scotland, ice is found every where in digging 
dU, in Bummer, at the depth of four feet I 
Difference of climate of tlie Northern and Southern 
imitJAeres. — When we compare tlie climate of tlie 
rthem and southern hemispheres, we obtain still 
ire instruction in regard to the influence of the diB- 
^ution of land and sea on climate. The dry land In 
southern hemisphere is to that of the northern in 



ifpttn th&t eslt water of ap. gr. 1027 (which Hccording to 
kocUui is the mean denEiiiy of nea »Bter] has tw manimum ^ 
ivilt/ H) long BB it remain!! fluid ; and even when ice begini to 
•m in il. the remaining fluid part always jncrcasea in deiuity in 
ni^on in tlie degree uf refrigeration. 

* Scoresbf'B Arctic Regionn, vol. i. p. SOS. — Dr. Lstw'a Ob- 
**ntloiu on the Glaciers of Spitibergen, &c. Edin. New Fbil. 
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the ratio only of one to three, excluding from o 
sideration timt part which lies between the pole and 
the 7*° of south latitude, which has hitherto proved - 
inaccesBible. The predominance of ice in the antarctic 
over the arctic zone is very great; for that whidh 
encircles the southern pole, extendi to lower latitude! 
by ten dep^rees than that around the north pole." It 
is probable that this remarkable difference is partly 
attributable, as Cook conjectured, to the existence of i 
considerable tract of high land between the TOtli 
parallel of south latitude and the pole. There U,- 
however, another reason suggested by Humboldt, U 
which great weight is due, — the small quantity of' 
land in the tropical and temperate zones south of the. 
line. If Africa and New Holland extended farther U 
the south, a diminution of ice would take place in con- 
sequence of the radiation of heat from these continenti ' 
during summer, which would worm the contiguous Mft! 
and rarefy the air. The heated aerial currents would' 
then ascend and flow more rapidly towards the soatli 

■ Cupuin Weddd], in IS23, reached 3° fartberiliaa Capulll 
Coot, and arrived at laL 74° 15' south, Ion. 34° 17' wesL Afiw 
having parsed tbrougli a ma atrewtd with numeroiis ice iiIuiIh 
he arrived, in that high latitude, at an open ocean; but even ifbl 
bad sailed 6" farther south, hs would nut have penetrated to higlu'' 
Utiludeg than Captain Parry in the arctic cirele, who reached bt 
SI° 10" nonb. Captain Biscoc, in bia late vojnge in 18S1 ai 
183S, discovered Crahatn's Land between 64' and 68'' S. I>L,H 
the aouthwanl of New South Shetland, and Enderby'i Land k 
the same latitude, in the meridian of Madagawar. These otarrl* 

southern hemisphere arises, as Captain Cook Bupposed, from tbl 

than in the arctic regions. Juuni. of Ruy. Geograph. tjoc of 
London, 1833. 
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Kilei and moderate the winter, In confirmation of 
tew vieiFs, it is stated that the cap nf ke, which 
iteods aa far as tlic €8° and 71° of south latitude, ad- 
mces more towards the equator whenever it meets a 
•e eea ; that is, wlierever the extremities of the pre- 
Dt continents are not 0|)[>0Bite to jt ; and tliis cireum- 
iitce seems explicable onl; on tlie principle above 
Duded to, of the radiation of heat tirom the lauds so 
tuated. 

fieTore Uie amount of difference between the tem- 
of the two hemispheres was ascertained, it 
IS referred by many astronomers to the acceleration 
'the earth's motion in itK perlhclium ; in conseijucnce 
'which the spring and summer of the southern herai- 
here are shorter, by nearly eight days, than those sea- 
Bs north of the equator. But Sir J. Herschcl reminds 
I that the excess of eight days in the duration of the 
itfa presence in the northern hemisphere ia not pro- 
ictive of an excess of annual light and heat; since, 
cording to the laws of elliptic motion, it is demon- 
rable that whatever be the ellipticity of the earth's 
Ut, the two hemispheres must receive equal absolute 
tantities of light and heat per annum, the proximity 
'the sun in perigee exactly compensating the effect 
itsswitler motion. ■ Humboldtf , liowcver, observes, 



TIds foUowi, obwrrea Hi^rscliel. from a very umple theu- 
I wliirh niBjr le tlms sMiled : — " The mnoiiiit uf heat m- 
hI bjr the eu-th from the sun, while ileacriliinij nny part of iU 
Ir i» proponional to Uie angle describee) round Llietun'i centre." 
lulir the orbit be divideJ into two portions by a lincilnwn in 
AvMion Ihrougb the inn's centre, the hents receiied in de- 
IHng ttie two uncijual segments of the etiipst so produced will 
hiquil. Geul. Trans, vol. iii, part ii. p. 3'JS. ; uecund »'riei, 
t On IsoUicmial Lines. 
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Aat the accnnmlstion of heat in the unitheni hemU 
tpbete most be \eas on aunimt of the greater emisuon 
of radiant beat, which coaiinue« durin|: a winter longei 
by ei^t days than that on the other side of the eqna* 
lor. Perhaps no very sensible effect maybe produced 
by this source of disturbance, yet the geolt^ist should 
bear in mind that to a certain extent it operates alter- 
nately oo each of the two hemispheres for a period of 
upwards of 10,000 years, dividing unequally the tioKe 
during which the annua] suj^y of solar light and heat 
isreceived. This cause may sometimes tend to counter- 
balance inequalities of temperature resulting trom other 
fhr more influential circumstances ; but, on the olhei 
band, it must sometimes tend to increase the extreme 
of deviation arising from certain combinatioDs of causes. 
But, whatever may now be the inferiority of heat 
in the temperate and frigid zones south of the line, 
it is quite evident that the cold would be far more in- 
tense if there happened, instead of open sea, to be 
tracti) of elevated land between the 55tli and 70th 
parallel; for, in Sandwich land, in 5SP of south latitude, 
the perpetual snow and ice reach to the sea beach ; and 
what is still mure astonislung, in the island of Georgia, 
which is in the 51>° south latitude, or the same parallel 
as the countj' of Yorkshire, the perpetual snow de- 
scends to the level of the ocean. \Vlien we consider 
thisiact, and then recollect that the summit of the hi 
est mountains in Scotland, four degrees farthei 
north, do not attain the limit of perpetual snow 
side of the equator, we learn that latitude is o 
of many powerful causes, which determine the 
of particular regions of the globe. The permanence) 
Know in the southern hemisphere, in this insta; 
paitiy due to the floating ice, which chills the 
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lere and condenses the vapour, bo that in summer 
un cannot pierce through the foggy air. But be- 
the abundance oi' ice, from whatever cause derived, 
ich covers the sea to the south of Georgia and Sand- 
■h land, we must also ascribe the cold of those 
atries in part to the absence of Sand between them 
the tropics. 

Tie distance to which icebergs float from the polar 
ons on Ihe opposite sides of the line is, as might 
e been anticipated, very different. Their extreme 
t in the northern hemisphere appears to be the 
ires (north latitude 42°), to which isles they are 
drifted from Baffin's Bay. But in the other 
ItoDtisphere they have been seen, within the last few 
I, at diiferent points off the Cape of Good Hope, 
between latitude 36° and 39°.* One of these was two 
circumference, and l.iO feet high.f Others 
jMe from 250 to 300 feet above the level of the sea, 
nd were therefore of great volume below ; since it is 
■certained, by experiments on the buoyancy of ice 
iting in sea-water, that for every solid foot seen 
Ibove, there must at least be eight feet below water. J 
ice-islands from the north polar regions floated as far, 
^ey might reach Cape St. Vincent, and then, being 
rawn by the current that always sets in from the 
^lantic through the Straits of Gibraltar, be drifled 
ito the Mediterranean, so that the serene sky of 
At delightful region might be deformed by clouds 
id mists. 
The great extent of sea gives a particular character 
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to climates south of the equator, the winters being 
mild and the summers cold. Thus, in Van Diemen's 
land, corresponding nearly in latitude to Rome, the 
winters ore more mild than at Naples, and the summers 
not warmer than those at Paris, which is 7° farther from 
the equator.* The effect on vegetation is very remark- i 
able: — tree-ferns, for instance, which require abm^- 
dance of moisture, and an equalization of the Beasoii% 
are found in Van Diemen's land in latitude 4'2°, and 
New Zealand in south latitude 45°. The orchideon 
parasites also advance towards the 3S° and 42° of souti 
latitude. These forms of vegetation might perhaps b 
developed in still higher latitudes, if the ice in the sni 
arctic circle did not extendfarther from the pole tha 
ID the arctic. Humboldt observes that it is in th 
mourUaifltms, temperate, humid, and shady parts of tb 
equatorial regions, that the family of ferns produces th 
greatest number of species. As we know, therefon 
that elevation often compensates the effect of latitud 
in plants, we may easily understand that a class of Vf 
getables. which grow at a certain height in the torn 
zone, would flourish on the plains far from the equata 
provided the temperature, moisture, and other necei 
Bary conditions, were equally uniform throughout til 
year. 

Chwigea in the position of land and sea may givt HI 
to vieisiitiidfs in dimaie. — Having offered these bril 
remarks on the diffusion of heat over the globe in til 
present state of the surface, I shall now proceed I 
speculate on the vicissitudes of climate, which mui 
attend those endless variations in the geographic) 
features of our planet which are contemplated in ge< 
logy. That our speculations may be confined witW 
' Humboldt on Isothermal Lines. 
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Ihestrlctliinitsof analogy,! shail assume, Ist, That the 
Sfoportion of dry land to sea continues always the 
IBme. 2dly, That the volume of (he land rising above 
be level of the sea is a constant quantity ; and not 
inly that its mean, but that its extreme height, are 
tiy liable to trifling variations. 3dly, That both the 
pe&n and extreme depth of the sea are equal at every 
poch ; and, itbly. It will be consistent with due cau- 
lon to assume that the grouping together of the land 
|1 great continents is a necessary part of the economy 
If nature ; for it is possible that the laws which govern 
be subterranean forces, and which act simultaneously 
dong certain lines, cannot but produce, at every epoch, 
Uattnuous mountain -chains : so that the subdivision 
f the whole land into innumerable islands may be 
Irecluded. 

If it be objected, that the maximum of elevation of 
tuid and depth of sea are probably not constant, nor 
be gathering together of all the land in certain parts, 
tor even perhaps the relative extent of land and water, 
L reply, that the arguments about to be adduced wiU 
'ie strengthened, if, in these peculiarities of the surface) 
here be considerable deviations from the present type. 
i6fer example, all other circumstances being the same, 
be land is at one time more divided into islands than 
It another, a greater uniformity of climate might be 
produced, the mean temperature remaining unaltered : 
ir if, at another era, there were mountains higher than 
lie Himalaya, these, when placed in high latitudes, 
roald cause a greater excess of cold. So, if we sup- 
hwe that at certain periods no chain of hills in the 
rorld rose beyond the height of 10,000 feet, a greater 
Itest might then have prevailed than is compatible with 
ihe existence of mountains thrice that elevation. 
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However constant may be the relative proportion of 
sea and land, we know that there is annually somesnudl 
variation in their respective geographical positions, and 
that in every century the land is in some parts raised, 
and in others depressed by earthquakes ; and so likewise 
is the bed of the sea. By these and other ceaseless 
clianges, the configuration of the earth's suriace h 
been remodelled again and again since it wiis ttie ha- 
bitation of organic beings, and the bed of the o( 
has been lifted up to the height of some of the loftiest 
mouDtains. The imagination is apt to take alarm when 
called upon to admit the formation of such irregulari 
in the crust of the earth, after it had once become the 
habitation of living creatures ; but, if time be allowed, 
the operation need not subvert the ordinary repose of 
nature, and the result is insignificant if we consider how 
slightly the highest mountain-chains cause our globe to 
differ from a perfect sphere. Chimborazo, although it 
rises to more than 21,000 feet above the siirftceof the 
sea, would only be represented, on an artificial globe of 
about six feet in diameter, by a grain of sand less than 
one twentieth of an inch in thickness.* 

The superHcial inequalitiesof the earth, then, maybe 
deemed minute in quantity, and their distribution at : 
particular epoch must be regarded in geology as tt 
porary peculiarities, like the height and outline of the 
cone of Vesuvius in the interval between two eruptioDS. 
But, although the unevenness of the surface is so un- 
important in reference to the magnitude of the ^obe, 
it is on the position and direction of these small in- 
equalities that the state of the atmosphere, and both 
^^ local and general climate, are mainly dependent. 



■ • Multe-Brun'a System of Geography, book i. 
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coiisidering the effect which a material 

e JQ the distribution of land and sea must occa- 

it maybe well to remark, how greatly organic life 

^ected by those minor mutations, which need 

p least degree alter the general temperature. 

Eexample, if we suppose, by a series of con- 

^S certain port of Greenland Co become sea, 

B compensation, a tract of land to rise and connect 

with Lapland, — an accession not greater 

t than one which the geologist can prove to 

e.occurred in certain districts bordering the Medi- 

1 comparatively modern period, — 

it sttered form of the land might occasion an inter- 

p between the climate of certain parts of North 

and of Europe, which lie in corresponding 

Many European species would probably 

li in consequence, because the mean temperature 

1 be greatly lowered; and others would fail in 

, because it would there be raised. On the 

id, in places where the mean annual heat re- 

[ unaltered, some Epecies which JloLirieh in 

J, where the seasons are more uniform, would be 

resist the great heat of the North American 

er, or the intense cold of the winter; while others, 

d by their habits for the great contrast of the 

would not be fitted for the insular 

e of Europe. The vine, for example, according 

Humboldt, can be cultivated with advantage 10° 

irnorth in Europe than in North America. Many 

s will endure a severe frost, but i 

it seeds without a certain intensity of : 

quantity of light ; others ci 

i*(iniilar intensity either of heat or cold. 

It ie DOW established that many specie: 

TOI-I. I 



heat 



s of animals. 
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which are at present the contemporaries of man, h 
survived great changes in the physical geogr^ 
of the globe. If such species be termed modem 
comparison to races which preceded them, their 
mains, nevertheless, enter into submarine depo 
many hundred miles in length, and which have & 
been raised from the deep to no inconsiderable altiti 
When, therefore, it is shown that changes o 
temperature of the atmosphere may be the < 
quence of such physical revolutions of the surface, 
ought no longer to wonder that we find the distribut 
of existing species to be local, in regard to Imiffi^td 
well as latitude. If all species were now, by a: 
of creative power, to be diffused uniformly througt 
those zones where there is an equal degree of heat, 
in all respects a similar climate, they would begin fi 
this moment to depart more and more from I 
original distribution. Aquatic and terrestrial spt 
would be displaced, as Ilooke long ago observed, 
often as land and water exchanged places ; and tli 
would also, by the formation of new mountains i 
otjier changes, be transpositions of climote, 
buting, in the manner before alluded to, to the ll 
extermination of species.* 

If we now proceed to consider the circumstan 
required for a general change of temperature, it' 
appear, from the facts and principles already laid dl 
that whenever a greater extent of high land is collec 
in the polar regions, the cold will augment; and 
same result will be produced when there shall be ni 
sea between or near the tropics ; while, on the ci 



* FoT a full consideration of the effect of chingei in p 
geography on the distribution and extinction of ipeciea, we b 
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B oflen &s the above conditions are reversed, the 
tM will be greater. If this be admitted. It will follow 
I a corollary, that unless the superficiul inequalities 
F the earth be fixed and permanent, there must be 
ever-ending fluctuations in the mean temperature of 

jry zone ; and that the climate of one era can no 

re be a type of every other, than is one of our 

ir seasons of all the rest. 

It has been well said, that the earth is covered by 
1 ocean, and in the midst of this ocean there are two 
eat itilands, and many smaller ones ; for the whole of 
e continents and islands occupy an area scarcely ex- 
eding one fourth of the -whole superficies of the 
beroid. Now, on a fair calculation, we may expect 
iBt at any given epoch there will not he more than 
tout one fourth dry land in a particular region ; such, 
r example, as the arctic and antarctic circles. If, 
efore, at present there should happen, in the only 

le of these regions which we can explore, to be much 

ore than this average proportion of land, and some 

it above five thousand feet in height, this alone 

Is ground for concluding that, in the present state 

r things, the mean heat of the climate is below that 

1 the earth's surface, in its more ordinary state, 

mid enjoy. This presumption is heightened, when 

I remember that the mean depth of the Atlantic 

( calculated to be about three miles, and that 

t the Pacific four miles*; so that we might look not 

• See Young's Nat. Phil. Lect. xlvii. ; Mrs. SomcrrillB's Me- 
■munof H«v., Pr«l. Dis. p.miii. Laplace seemsoflen to bare 
uged his opinion, Teasoning from the depth required to account 
rUK phenoiuens at the tides ; but his fiiisl conclusion tespect- 
[ Ibe sea was ■' que sa profondeur moyenne est du m^me ordre 
l|» bautwir mojeane dea wntiiiena et dei 'ilea au-deuui de u 

I*- 
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only for more than two tliirds sea in the frigid zoneii 
but for water of great depth, which could not readily 
be reduced to tlie freezing point. Tlie same opinion 
is further confirmed, when we compare the quantity of 
land lying between the poles and the 30th parallels of 
north and south latitude, and the quantity placed 
between those parallels and the equator ; for, it is clear, 
that at present we must have not only more than the 
usual degree of cold in the polar regions, but also leea 
than the average quantity of heat generated in the 
intertropical zone. 

Position of land and sea which might produce lAe 
extreme of cold of which the earth's surface is susceptible, 
— In order to simplify our view of the various changes 
in climate, which different combinations of geographical 
circumstances may produce, we shall first consider 
the conditions necessary for bringing about the extreme 
of cold, or what may be termed the winter of the 
" great year," or geological cycle, and afterwards, the 
conditions requisite for producing the maximum of heat, 
or the summer of the same year. 

To begin with the northern hemisphere. Let us 
suppose those hills of the Italian peninsula and of 
Sicily, which are of comparatively modern origin, and 
contain many fossil shells identical with living species, 
to subside again into tlie sea, from which they have 
been raised, and that an extent of land of equal area 
and height (varying from one to three thousand feel) 
should rise up in the Arctic ocean between Siberia and 
the north pole. In speaking of such changes, I need 
not allude to the manner in which 1 conceive it 

irpBssepiismilleuietres(3280ft)." Mm. 
;t SjM. du alonde, p. 254. 
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wible that they nmy be brought about, nor of the 
pe required for their accompli ah tnent, — reserving 
! a tiiture occasion, not only the proofs that revoJu- 

> of equal magnitude have taken place, but that 
ologous mutations are still in gradual progress. The 
leration now supposed in the physical geography of 
le northern regions would cause additional snow and 

[0 accumulate where now there is usually an open 

; and the temperature of the greater part of 
vrope would be somewhat lowered, so as to resemble 

e nearly that of corresponding latitudes of North 
nerica: or, in other words, it might be necessary to 
wel about 10° farther south in order to meet with 
K same climate which we now enjoy. There would 
too compensation derived from the disappearance 
!Und in the Mediterranean countries; for, on the 
ntrary, the mean heat of the soil so situated, is 
PBb^ly far above that which would belong to the 
t, by which we imagine it to be replaced. 
But let the conliguration xf the surface be still 
ther varied, and let some large district within or 
IT the tropics, such as Mexico, for example, with 
(mountains rising to tlie height of twelve thousand 
It and upwards, be converted into sea, while lands 
Fequal elevation and extent are transferred to the 
aic circle. From this change there would, in the 
It place, result a sensible diminution of temperature 
If the tropic, for the soil of Mexico would no longer 
iheated by the sun; so that the atmospiiere would 
I, as also the neighbouring Atlantic, and 
llf stream. On the other hand, the whole of 
nope, Northern Asia, and North America, would 
1 the influence of the enormous quantity of ice 
■, thus generated at vast heights on the n 
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arctic continent. If, as we have already seen, there 
are now some points in the southern hemisphere 
where snaiv is perpetual to the level of the sea, in 
latitudes ati low as central England, Euch might as- 
suredly be the case throughout a great part of Europe, 
under the change of circumstances above supposed; 
and if at present the extreme limits of drifted icebergs 
are the Azores, they might easily reach the equatot 
after the alteration before alluded to. To pursue the 
subject still farther, let the Himalaya mountains, widi 
the whole of Hindostan, sink down, and their place he 
occupied by the Indian ocean, and then let an equal 
extent of territory and mountains, of the same vast 
height, stretch from North Greenland to the Orkney 
islands. It seems ditlicult to exaggerate the amount 
to which the climate of the northern hemisj^ere 
would now be cooled down. 

But, notwithstanding tlie great refrigeration wfaidi 
would thus be produced, it is probable that the differ- 
ence of mean temperature between the arctic and 
equatorial latitudes would not be increased in a very 
high ratio ; for no great disturbance can be brought 
about in the climate of a particular region, without 
immediately affecting all other latitudes, however re- 
mote. The heat and cold which surround the globe 
are in a state of constant and universal flux and reflux. 
The heated and rarefied air is always rising and flowing 
from the equator towards the poles in the higher 
regions of the atmosphere ; and, in the lower, the 
colder air is flowing back to restore the equilibrium. 
That this circulation is constantly going on in the 
aerial currents is not disputed ; it is often proved by 
the opposite direction of the course of the clouds at 
different heights, and the fact was farther illustrated 
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in a striking manner by an event which happened in 
tJie present century. ITie trade wind continually 
blows with great force from the island of Barbadoes 
that of St. Vincent's ; notwithstanding which, during 
.the eruption of the volcano in the island of St. Vincent. 
'|b 1SI2, ashes fell in profusion from a great height 
^ the atmosphere upon Barbadoes. This apparent 
reransportation of matter against the wind, confirmed 
^e opinion of the existence of a counter-current in 
jflie higher regions, which had previously rested on 
)j)beoretical conclusions. * 

That a corresponding interchange takes place in 
le seas, is demonstrated, according to Humboldt, by 
cold which is found to exist at great depths 
itween the tropics; and, among other proofs, may 
mentioned the great volume of water which the 
iGulf stream is constantly bearing northwards, while 
uBnother current flows from the north along the coast 
(if Greenland and Labrador, and helps to restore the 
pquifibrium.f 

Currents of heavier and colder water pass from the 
^les towards the equator, which cool the inferior 
prts of the ocean ;{: ; so that the heat of the torrid 
Spne and the cold of the polar circle balance each 
Mher. The refrigeration, therefore, of the polar 
gegions, resulting from the supposed alteration in the 
. * Daniell's Meteorological Essays, &e. p. 103, 
L i* In speaking of Ibe circulation of air and water in tb is chapter, 
allusion is made to the trade windfl, or to irregularities in "Aw 
currctitB, caused by the rotatory motion of tbc earth. 

from south in north, but they do not afTect the iheoi^ 
It circulation. 

s, p. 160., on the increasing density of sea-water in 
o the degree of cold. 

I 4 



distribution of land and sea, would be immediat) 
cominunicated to the tropics, and from them wd 
extend to the antarctic circle, where the atmoBphj 
and the ocean would be cooled, so that ice and gnl 
would augment. Although the mean temperature- 
higher latitudes in the southern hemispher 
before stated, for the most pai't lower than tliat oft 
Bame parallels in the northern, yet, for a considers 
space on each side of the line, the mean annual h 
of the waters is found to be the eame in correspoudiil 
parallels. When, therefore, by the new positioir 
the land, the generating of icebergs had become . 
common occurrcnee in the northern temperate tat 
and when they were frequently drifted as far as ti 
equator, the same degree of cold would immediati 
be communicated as far as the tropic of Capricu 
and from thence to the lands or ocean to the south. 

The freedom, then, of the circulation of hea 
cold from pole to pole being duly considered, 
be evident that the mean quantity of solar heat whi 
may visit the same point at two distinct periods, n 
differ far more widely than the mean quantity whi 
any two points receive in the same parallels of latitude, 
at one and the same period. For the range of tem- 
perature in a given zone, or, in other words, the curves 
of the isothermal lines, must always be circumscribed 
within narrow limits, the climate of each place in that 
zone being controlled by the combined influence of 
the geographical peculiarities of all other parts of the 
earth. Whereas, if we compare the state of things as 
existing at two distinct epochs, a particular zone may 
I at one time be under the influence of one class ( 
L disturbmg causes, as under those of a refrigera 
I nature, and at another time may be affected bjA 
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■nbination of opposite circumstances. The lands, for 
tsmple, to the iiortEi of Greenland cause the present 
1 of North America to be colder than thai of 
e in the same latitudes ; but the excess of cold. 
li BO great, as would have been the case, if the 
'i&a hemisphere had been entirely isolated, or 
rated from the eastern like a distinct planet. For 
ilonly does the refrigeration produced by Greenland 
H to a certain extent the atmosphere of northern 
A western Europe, but the mild climate of Europe 
s also upon North America, and moderates the 
Jilling influence of the adjoining polar lands. 

I the state of the earth after the 
hmges before supposed, we must not omit to dweU on 
! important effects to which a wide expanse of 
Bpetual snow would give rise. It is probable that 
irly the whole sea, from the poles to the parallels 
', would be frozen over ; for it is well known that 
)e immediate proximity of land is not essential to the 
rmation and increase of field ice, provided there be 
I lome part of the same zone a sufficient quantity 
aciers generated on or near the land, to cool 
lea. Captain Scoresby, in his account of the 
; regions, observes, that when the sun's rays 
11 upon the snow-clad surface of the ice or land, 
n a great measure reflected^ without produc- 
IJ any material elevation of temperature; but when 
mpinge on the black exterior of a ship, the pitch 
n one side occasionally becomes fluid, while ice is 
^ly generated at the other."* 
Sow field ice is almost always covered with snow -f ; 
ul thus not only land as extensive as our existing con- 

( Bcorwby's Arctic Regions, yoL i. p. 378. 1- lb. p. 320. 



it may be observed, tha 
well be imagined more irregular, or, i 
cious, than that now prevailing ; for at p 
ing a line in a particular direction, tli 
divided into two equal parts, in sue) 
one hemisphere shall be entirely covi 
with the exception of some promontoi 
while the other shall contain less water 
what is still more extraordinary, on 
extratropical lands in the northern and 
spheres, the lands in the northern it 
those in the southern in the proportic 
one I • To imagine al! the lands, tb 
and all the sea in low latitudes, as c 
annexed plate, would scarcely be a i 
state of the surface. 

Position of land and sea which migl 
extreme of hat. — Let ua now turn 
templation of the winter of the " g 
consider the opposite train of circu 
would bring on the spring and summ 
part of the vast ocean which forms ti 
Pacific should, at certain periods, enti 
or both of the polar regions, and shoii 
Bpersed with islands only, to the pari 
even 30', is an event tliat may be i 
highest degree probable, in the coursi 
geological revolutions. Inordertoesti 
to which the general temperature 
elevated, we should begin by considi 
the effect of the diminution of certain 
n high northern latitudes, which mig 
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ibe as open in every direction as it h at present 
rards the north pole, in the meridian of Spilzbei^en. 
r transferring tlie same lands to tlie torrid zone, we 
ght gain farther accessions of heat, and cause ihe 
i towards the south pole to diminish. We might 
St coDtinue these geographical mutations, until we 
id produced as mitd a climate in high latitudes as 
dsts at those points in the same parallel where the 
lean annual heat is now greatest. We should then 
cdeavour to calculate what furtlier alteration!! would 
le required to double the amount of change ; and the 
peat deviation of isothermal lines at present seems to 
inthorize us to infer, that without an entire revolution 
Bf the suriace, we might cause the mean temperature 
to viry to an extent equivalent to 20° or even 30° of 
IttiUide, — in other words* we might transfer the 
tenperature of the torrid zone to the mean parallel, 
•nil of the latter, to the arctic regions. Hy ailditional 
^spositions, therefore, of land and sea, we might 
■iag about a still greater variation, so tliat, through- 
lui the year, ail signs of frost should disappear from 
fce earth. 

The plane of congelation would rise in the atmo- 
JAere in all latitudes ; and as our hypothesis would 
^Uceall the highest mountains in the torrid zone, they 
Wuid he clothed with rich vegetation to their summits, 
ffemust recollect that even now it is necessary to as- 
Xnd to the height of fif):een thousand feet in the Andes 
Bnder the line, and in the Himalaya mountains, which 
Ire without the tropic, to seventeen thousand feet, 
before we reach the limit of perpetual snow. On the 
nrthem slope, indeed, of the Himalaya range, where 
be heat radiated from a great continent moderates the 
lid, there are meadows and cultivated land at an ele- 



MAP S 
shewing the posidon 

OF LASD JSD SEA 

WJUA mi^pm^ux (ft* crtrana 

HEAT AND COLD 

IK Aa Oimates of^ 

GLOBE 



OblsnOiona. Thtsi Mi^J an: illUniitd 
tt thtir gurt GmtmmU <C Iilandt havBiff 
A^amnfi sh^*« and Fe/oTav datwtswnf 
OJ Aose tu/w AOjtiit^ na^Ta be pl^efd jo 
ms to oauf^ aSta- the equatcrud or polar 



St JBjf.yf 1 -tairafy ta^- of At land ext^tdt 
than Ar E^uatnT towank the paiat beyond 



of tou-tntijr ^e Eqimtvr hfyend the 



f 



CHANGES OF TKMPERA'rUHE. 183 



circiiRi8taDces being the same, the inore remote the 
ides are from the continents, the ^eater does this pro- 
portion become. Thus, in the continent of India, and 
the tropical parts of New Holland, the proportion of 
ferna to the phanerogamic plants is only as one to 
twenty-siK; whereas, in the South-Sea Islands, it is 
u one to four, or even as one to three.* We might 
expect, therefore, in the summer of the " great year," 
which we are now considering, that there would be a 
predominance of tree-ferns and plants allied to palms 
and arborescent grasses in the isles of the wide ocean, 
wtiDe the dicotyledonous plants and other forms now 
most common in temperate regions would almost dis- 
>p{)ear from the earth. Then might those genera of 
Ulinials return, of which the memorials are preserved 
■a the ancient rocks of our continents. The huge 
iKuanodon might reappear in the woods, and the ich- 
ibjosaur in the sea, while the pterodactyle might flit 
•gain through umbrageous groves of tree-ferns. Then 
Blight coral reefs be prolonged once more beyond the 
vctic circle, where the whale and the narwal now 
Bboimd; and turtles might again deposit their eggs 
in the sand of the sea-beach, where now the walrus 
■leeps, and where the seal is drilled along on floating 
fie!^ of ice. 

But, not to indulge these speculations farther, I may 
observe, in conclusion, that however great, in the lapse 
of ages, may be the vicissitudes of temperature in every 
Une, it accords with this theory that the general cli- 
mate should not experience any sensible change in the 
course of a few thousand years ; because that period 
ii insufficient to affect the leading features of the phy- 

• Ad. Brongnrart, Consd. G^nfralis iiui la Nat de la Vlgit. 
&c Ann. des Scivnces Nal. Nor. 133S. 
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sical geographj of [he globe. Notwithstanding the 
apparent uncertainty of the Beasona, it is found that the 
mean temperature oi' particular localities is very con- 
stant, provided we compare observations made at dif- 
ferent periods for a series of years. 

Yet. there must be exceptions to this rule, and even 
the labours of man have, by the drainage of lakes and 
marshes, and the felling of extensive forests, caused 
such changes in the atmosphere as greatly to raise our 
conception of the more important influence of those 
forces to which even the existence, in certain latitudes, 
of land or water, hill or valley, lake or sea, must be 
ascribed. If we possessed accurate information of the 
amount oi local fluctuation in climate in the course of 
twenty centuries, it would otlen, undoubtedly, be con- 
siderable. Certain tracts, for example, on the coast of 
Holland and of England consisted of cultivated land 
in the time of the Romans, which the sea, by gradual 
encroachments, has at length occupied. Here, at least; 
a slight alteration has been effected ; for neither thai 
dirision of heat in the different seasons, nor the meaal 
annual heat of the atmosphere investing the sea, is preal 
cisely the same as that which rests on the land. 

In those countries, also, where the earthquake a 
volcano are in full activity, a much shorter period n 
produce a sensible variation. The climate of the once 
fertile plain of Malpais in Mexico must differ materially 
from thai which prevailed before the middle of the lat 
century ; for, since that time, six mountains, the high«] 
estofthem rising sixteen hundredfeet above the plateauj 
have been thrown up by volcanic eruptions. It is by thAI 
repetition of an indeflnlte Dumber of local revolution! 
due to volcanic and various other causes, that a generatfl 
change of climate may finally be brought about. 
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bat the geograptical features of Ibe nortlicm hemisphere, al the 
feriod nf the deposition of Uie caiboniferous strata, were such 

.as might, according to the theory before eiplained, have given 
rise to an extremely hot climate — State of the surface whenlbe 

,timDsi[ian and mountain limestones, coal-sandstones, and coal 
originsled — Successive changes in the physical ge<^raphy of 
northern latitudes, between the era of the formation of the car. 
bouifemus serieu and the chalk — Chiiract«r of oi^anic remains 

'during these periods — Abrupt transition from the orgatiic re- 
mains of the secondary to thO!>e of the tertiary strata — Mdbb- 

I tticht beds— Great atccssion of land, and eleiation of mountain 
Cliains, after the consolidation of the newer secondary rocka — 
Consequent refrigeration of climate — Remarks on the theory 
of the diminution of central heat — Astronomical causes of 



^!JttUAe geographical features of Ike northern liemisphere, 
'^ Ae period of the deposition of tlie caTboniferous slraiti, 
jgere such as mig/iC have given rise to an extremely hot 
donate. — In the Eixth chapter, I stated many reasons 
Ebr concluding that the mean annual temperature 
[f the northern hemispliere was considerably more 
plevated when the old carboniferous strata were depo- 
f&teA; as also that the climi 
than once since that epoch 
Bgr successive changes more and more nearly to that 
low prevailing in the same latitudes. Further, I en- 



had been modified more 
:d that it a 



deavoured, in the last cbapt«r, to prove tliat v 
tudes in climate of no less importance may be expec 
to recur in future, if ic be admitted tliat causes i 
active in nature liave power, in tlie lapse of ages 
produce considerable variations in tlie relative p 
tion of land and sea. It remains to inquire whet 
the alterations, which the geologist can prove to hi 
actually taken place at former periods, in the geog 
phical features of the northern hemisphere, 
iu their nature, and in the time of their occ 
with such revolutions In climate as would natuc 
have followed, according to the meteorological p 
ciples already explained. 

The great carboniferous series, including the 
tion and mountain limestones, and the coal, may 
selected as the oldest system of rocks of which 
organic remains furnish any decisive evidence 8 
climate. The indications which they afford of gi 
heat and uniformity of temperature extend, as i 
before mentioned, over a vast area, from about 45^ 
60°, or, perhaps, if we include Melville Island, to q 
75° north latitude.* 

When we attempt to restore in imagination the fi^ 
tribution of land and sea, as they existed at tliat remote 
epoch, we discover that our information b at pre' 

* Ourancientcaal-fonnBtion has not been found in Ital)', Spua, 
Sicily, or any of tlie more southern eountties of Europe. Wbe- 
tiier any of the ammonitift'raiii. limulones of the Southern Apen- 
nines and Sicily (Taormina tar eiample) can be considered u of 
eontemporaneous oH^n with our carhoniferous series, is nolyvC 
deCenninGd; but it is conjectured, from the general chandCTcf 
"lat ihey bcloog 
to lh(^ chalk in- 



deCenninGd; but it is conjectured, from 
ibe organic remains of the Apennine limi 
to tome part of our secondary series, fror 
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ent timited to latitudes north of the tropic of Cancer ; 
nd we can only hope, therefore, to point out timt the 
Eondition of the earth, so far as relates to our te 
erate and arctic zones, was such as the theory 
lefore offered would have led us to anticipate. Now 

carcely any land hitherto examined 
Europe, Northern Asia, or North America, which has 
>t been raised from the bosom of the deep since 
igin of the carboniferous rocks, or which, if previously 
ttised, hasnot subsequently acquired additional altitude. 
ffwe were to submerge again all the marine stratSt 
fiom the transition limestone to the most recent shelly 
Iwds, the summits of some primary mountains alone 
woold remain above the waters. These facts, it is true, 
Cmisidered singly, are not conclusive as to the uni- 
teiBality of the ancient ocean in the northern hemi- 
ipbere; because thcmovements of earthquakes occasion 
the subsidence as well as the upraising of the surface, 
nd by the alternate rising and sinking of particular 
ipaces, at successive periods, a great area may become 
ndrely covered with marine deposits, although the 
"hole has never been beneath tlie waters at one time, 
nsj, even though the relative proportion of land and 
ttl may have continued unaltered throughout the 
whole period. 

There ia, however, the highest presumption against 
■ucb an hypotheiiis, because the land in the northern 
lletnifiphere is now in great excess ; and this circum- 
Kance alone should induce us to suppose that, amid 
iJie repeated changes which the surface has undergone, 
tile sea has usually predominated in a much greater 
" gree. But when we study the mineral composition 

d fossil contents of the older strata, we find evidence 



188 PROOFR OF FORMER 

of a more positive and unequivocal kind in confi] 
ation of the same opinion. 

Slate of th6 surface when tite transition and 
limestones, coal-sandsCones, ami coal originated. 
CaJcareous rocks, containing the same class of orgi 
remains as our transition and mountain limestoi 
extend over great part of central and northern 
rope, are found again in the lake district of N( 
America, and even appear to occur in great abu 
ance as far as the borders of the Arctic Sea.* 
organic remains of the^e rocks consist princip 
of marine shells, corals, and the teeth and bonesi 
fish ; and their nature, as well as the continuity of i 
calcareous beds of homogeneous mineral composit 
concur to prove that the whole series was formed 
deep and expansive ocean, in the midst of which, tl 
ever, tliere were many isles. These isles were c 
posed partly of bypogene (primary) and partly 
volcanic rocks, which, being exposed to the erof 
action of torrents, to the undermining power of 
waves beating against the clilfs, and to atmoiphi 

* It appears from Che observaliotis of Dr. Richardson, mwled 
ing the eipi-dition under Die command of Captain FranUJn M 
nurtli-weit const of America, and rrum the spcciiueiii prewnted 
him to the Geological Sat:lety of Loiidon, thai, lietneen the p ' 
lela of 60' and 70" north latitude, tiiere [a a great calcareous (1 
BtioD, stretching towards ihc month of the Maekeniie rive 
which are included corallines, produclie, teteliratnliE, die. hav 
cloie affinity in generic character to those of our mountain 1 
Btone, of which the group has been considered the equivilt 

are ahaiea with impression-i of rcrnn, Icpidodendrana. and M 
vegotaliles, and also aniinonitci. These, it U supposed, mij 
Hur uolilic siTJes. — Praceeiiingi of Gtola^ 
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decemposition, supplied materials for pebbles, sand, 
shale, wbich, together with substances introduced 
ameral springs and volcanos in frequent eruption, 
cmtributed the inorganic parts of tbe carboniferous 
tiatB, 

The disposition of the beds in tliat portion of this 
(roup whicli is of mechanical origin, and which incloses 
e coal, has been truly described to be such as would 
iult from the waste of small islands placed in rows, 
i forming the highest points of ridges of submarine 
■OUDtains. The disintegration of EucJi clusters of 
les would produce around and between them detached 
feposits of various dimensions, which, when subse- 
juaitly raised above the waters, would resemble the 
formed in a chain of lakes. Hie insular masses 
If hypogene (or primary) rock would preserve their 
1 relative superiority of height, and would oflea 
|ttm)und the newer strata on several sides, like the 
kcHmdary heights of lake basins.* 

might have been expected, the zoophytic and 
AwUy limestones of the same era (as the mountain 
Bmratone) sometimes alternate with the rocks of 
nechanical origin, but appear to have been, in ordinary 
diffused far and wide over the bottom of the sea, 
Smote from any islands, and wliere no grains of sand 
•ere transported by currents. The associated volcanic 
tocks resemble the products of submarine eruptions, 
ttietulfs being sometimes interstratified with calcareous 
ibelly beds, or with sandstones, just as might be ex< 
preted if the sand and ejected matter of which they 
*re probably composed had been intermixed with the 

Eume ingenious remarks to this effect, in the work of M. 
id. Brongniart, Coneid. Gfn^ndes >ur la Mat. de la Vtgit. Sic 

Ana. da Sd. Nat, Nov. 1828. 
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waters of the sea, and had then subsided ]d 
sediment. The lavas also often extend in a| 
sheets, and must have been poured out on a 
rendered horizontal by sedimentary depositions 
is, moreover, a compactness and general abi 
porosity in these igneous rocks, which distL 
them from most of those produced in the opei 
the sides of Etna, Vesuvius, and other land vo 

If, on the other hand, we examine the fossil 
of these strata, we find the vegetation decl 
botanists to possess the characters of an insuli 
continental flora ; and ne may suppose the carbt 
matter to have been derived partly from tree 
from the rocks by torrents into the sea, an 
from such dark vegetable matter as often dl 
and blackens the rills flowing through marshy 
in our temperate climate, where the vegetatio; 
bably less rank, and its decomposition less ra[ 
in the moist and hot climate of the era uni 
BJderation. 

There is, as yet, no well authenticated ins 
the remains of a saurian animal having been 
a member of the carboniferous series.* ITi 
oviparous reptiles usually inhabit rivers of coni 
size in warm latitudes; and had crocodiles ai 

• It is, indeed, stated 'that, among other fossils colli 
the tDOumain limestone of Nortliuniberland, the Rev. C 
Vernon Harcourt has been fortunale enough 

Unius Bese dominum fecisw lacenic ; 
having fbund a sautian vertebra, together with patellae *i 
spines, aod an impression of a fern analogous to those c 
n the iDQuntain limestone. Annual Repc 
Yorkshire Phil. Soc. for 1826, p, H. But I am inl 
Mr. Harcourt himself, that the vertebra was discoveret 
alluvium. 
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animalE of that class been abundant in a fossil state, as 
in some of the newer secondary formations, we must 
have inferred the existence of many rivers, which could 
only have drained large tracts of land. Nor have the 
bones of any terrestrial nnammalia rewarded our in- 
vestigations. Mad any of these, belonging to quadru- 
ge&i of large size, occurred, they would have supplied 
iBi^ment against the resemblance of the ancient 
Vthern archipelagos to those of the modern Pacific ; 
)ce in the latter no great indigenous quadrupeds have 
en met with. 

It is, indeed, a general character of small islands situ- 
fcd at a remote distance from coniinents, to be alto- 
itiier destitute of land quadrupeds, except such as 
to have been conveyed to them by man. Ker- 
'a land, which is of no inconsiderable size, placed 
llrt. 49° 20* S., a parallel corresponding to that of the 
Wily islands, may be cited as an example, as may all 
he groups of fertile islands in the Pacific Ocean be- 
tireen the tropics, where no quadrupeds have been 
1, except the dog, the hog, and the rat, which 
probably been brought to them by the natives, and 
bo bats, which may have made their way along the 
of islands which extend from the shores of New 
ioiiiea far into the southern Pacific.* Even the isles 
f New Zealand, which maybe compared to Ireland 
Scotland in dimensions, appear to possess no 
enous quadrupeds, except the bat ; and this is 
endered the more striking, when we recollect that 
Ik northern extremity of New Zealand stretches to 
Ritude 34°, where the warmth of the climate must 
peatly favour the prolific development of organic life. 

• Frichard'i Phya. Hiil, of Man, toI. i. p. 75. 
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Lastly, no instance lias y«t been discovered of a p 
lacustrine ibrm at ion of the carboniferous era; althoa 
there are EOme instances of shells, apparently f 
water, whicli may have been washed in by t 
Htreatns, and do not necessarily imply a conaider 
extent of dry land. 

All circumstances, therefore, point to one concliUH 
— the subaqueous character of the igneous prodncl 
the continuity of the calcareous strata over vast spi 
— the marine nature of their organic remains— 
basin-shaped disposition of the mechanical rocks- 
absence of large fluviatile and of land quadrupedl 
the non-existence of pure lacustrine strata — I 
insular character of the flora, — all concur with vr| 
derful harmony to establish the prevalence through) 
the nort ern hemisphere of a great ocean, intersp 
with small isles. If we seek for points of analogy 
this state of things, we must either turn to the Nnl 
Pacific, and its numerous submarine insular volca 
between Kamtschatka and New Guinea : or, in or 
to obtain a more perfect counterpart to the corali 
and shelly limestones, we must explore the archipelag 
of the South Pacific, between Australia and Son 
America, where volcanos are not wanting, and wbe 
coral reefs, consisting in great part of compact lim 
fitone, are spread over an area not inferior, perhaps,! 
that of our ancient calcareous rocks, though we SI 
these to be prolonged from the lakes of Nortli Amoio 
to central Europe.* 

No geologists have ever denied, that when ( 
oldest foEsiliferous rocks were produced, great coon 
nents were wanting in the temperate and arctic v 

• See Book ui. On coral leefs, 
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north of the equator : on the contrary, they have been 
disposed to go too far, and to speculate on the 
universality of what they termed the primeval ocean. 
As well might the New Zealander, who had surveyed 
and measured the quantity of land between the south 
pole and the tropic of Capricorn, assume that the 
same proportion would be found to exist between the 
tropic of Cancer and the north pole. By this gene- 
ralization, he would annihilate twelve out of thirteen 
parts of the land of our temperate and arctic zones. 
It would, however, be rash to infer, from any geological 
data hitherto obtained, that the ocean was ever uni- 
versal; or, in other words, that the superficial crust 
of the earth was once more even than at present. It 
is merely probable, that the ocean was at certain 
periods in excess in high latitudes when the land 
predominated within the tropics, where, being ex- 
posed to the direct rays of the sun, it may have 
heated the winds and currents which flowed from 
lower to higher latitudes, and thus have produced an 
elevated temperature. 

Changes in the physical geography of northern lati- 
tudes, after the formation of the carboniferous series. — 
We have evidence in England, that the strata of the 
ancient carboniferous group, already adverted to, were 
fractured and contorted, and often thrown into vertical 
positions before the origin of some of the newer se- 
condary rocks, such as the new red sandstone. 

Fragments of the older formations are sometimes 
included in the conglomerates of the more modern ; and 
some of these fragments still retain their fossil shells 
and corals, so as to enable us to determine the parent 
rocks from whence they were derived. * There are 

* Thus, for example, on the banks of the Avon, \tv iVv^ "^icvsXjc^. 
VOL. /. K 
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other proofs of the disturbance at BuccesBive epochs 
of different secorniar)' rocks before the deposition of 
others ; and satisfactory evidence that, during these 
reiterated convulsions, the geographical features of 
the northern hemisphere were frequently modified, 
and that from time to time new lands emerged from 
the deep. The vegetation during some parts of the 
period in question, (from the lias to the chalk inclusive,) 
appears to have approached to that of the larger 
islands of the equatorial zone ; such, for example, as we 
now find in the West Indian archipelago.* These 
islands appear to have been drained by rivers of con- 
siderable size, which were inhabited by crocodiles and 
gigantic oviparous reptiles, both herbivorous and car- 
nivorous, belonging for the most part to extinct genera. 
Of the contemporary inhabitants of the land we have 
as yet acquired but scanty information, but we know 
that there were flying reptiles, bisects, and small 
mammifera, allied to the opossum. 

Before the close, indeed, of the great " secondary" 
period above alluded to, it appears more than probable, 
that a vast continent approached very near to the 
Bpace now occupied by the south-eastern parts of 

cokl-field, tbo dolomitic conglomerate, a rock or an age iniernw- 
dlale between the csibonirerous Heiies and the lias, rests on Ihe 
truncated edges of the cool and mountain limestone, and contain! 
rolled and angular fragments of the latter, in which are seen tbe 
diarscteristic inountain-limestone foasila. For accurate seciiims 
illustrating the disturbances which rocks of the carlioniferuus w- 
ries underwent before the newer red Bandstone was farmed, the 
reader should consult the admirable memoir on the soutli-weslem 
coal district of England, b; Dr. Buckland and Mr. Conybearb 
Geol. Trans. yo\. i. second series. 

• Ad. Brongniart, Consid. Gfiniralea sur la Nat. de la Vigtt. 
Ac Aao, des Sci. Nat., £~ 
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Dgland. For the WeaJden beds, which underlie the 
i, imply the continual inSux into the sea of a large 
ler, equal in size to the Ganges or the Indus.* 
It might at first ajipear, that the position of a 
ntinent so far to the north, at a time when the 
D temperature of the climate is supposed to have 
1 much hotter than at present, is incousiatenl 
1th the theory before explained, that tlie heat was 
1 by the gathering together of all the great 
Ktes of land in low latitudes, while the polar regions 
« almost entirely sea. But provided that none of 
t land was arctic or antarctic, and a large part of 
le continents intra- tropical, considerable elevation of 
mperature may be presumed to result, even when 
[e continental tracts were prolonged from the equa- 
kial to the temperate zone. 

tItwDl be seen, in the fourth book, (chap, xxiii.) that 
le Maestrichl beds are classed as the newest of the 
icondary series ; and the fossils of that group, in- 
Ibding the remains of gigantic reptiles, indicate tlie 
feralence of a very hot climate. Between this 
pennost member of the secondary series, and the 
lest of the newer class of formations called tertiary, 
liere is a remarkable discordance as to species of 
llfanlc remains, none having yet been found common 
Mboth. This abrupt transition from one set of fossils 
buiother, IS also accompanied by evident signs of a 
titnge of climate ; the Eocene tertiary species having 
• ftf less tropical aspect than those found fossil in the 
lewest secondary group. 

Now there is a decided coincidence between this 
Ihention of climate, and geographical changes which 
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occurred between the formation of tlie cretaceoi 
aeries and tliat of the older tertiary group.* 
may aha be traced, on comparing the tertiary ^a 
of difierent ages, a gradual approximation li 
bedded fossUs from an assemblage in which extil 
species predominate, to one where tlie species aj 
for the moBt part with those now exiatihg. In otli 
words, we find a gradual increase of animals and 
fitted for our present climates, in proportion i 
strata which we examine are more modem. 
during all these successive tertiary periods, the 
are signs of a great increase of land i 
latitudes, which may perhaps have been compensH 
by tlie disappearance of continents nearer the Its 
By reference to the map, and its description givl 
at the end of this chapter, the reader will see I 
great has been the physical revolutions which h 
occurred in Europe since the commencement of 4 
tertiary period. The chalk, and several i 
groups, are of considerable extent, and sometiw 
rise to the summits of lofty mc 
groups contain almost exclusively marine remains, 
follows that every tract which they now occupy hi 
since their origin, been converted from sea into h 
and, in some cases, from deep sea to mountain) J 
great altitude. We cannot doubt that part of tl 
mutations alluded to happened before tlie Eoc 
strata originated ; because these last consist, in a gi 
degree, of the ruins of the newer secondary r 
which must therefore have been raised and expos 
to aqueous erosion before the derivative beds wcM 
formed* It will moreover be seen, in the fourth boOR 

liaps. iii. and mii. B. iv. on the period of tbt dt* 
e cbatk o( the S. E, of England 
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chap, iii., that the secondary and tertiary formations^ 
considered generally, may be contrasted as having very 
different characters ; the one appearing to have been 
deposited in open seas, the other in regions where dry 
land, lakes, bays, and perhaps inland seas, abounded. 
The secondary series is almost exclusively marine; 
the tertiary, even the oldest part, contains lacustrine 
strata, and not unfrequently freshwater and marine 
beds alternating. In many places, the former boundary 
of the tertiary sea may still be traced, and the line of 
its ancient cliffs and shores defined. 

. The facts depicted in the map (p. 209.) demonstrate 
that about two thirds of the present European lands 
have emerged since the earliest of these tertiary groups 
originated ; nor is this the only change which the same 
r^ion has undergone within a period comparatively so 
modem. Some of those tracts even which were pre- 
viously land, have gained in altitude, or, on the contrary, 
have sunk below their former level, within the same 
period. 

The evidence that the rise of land, above alluded to, 
did not take place all at the same time, is most striking. 
Several Italian geologists, even before the time of 
Brocchi, had justly inferred that the Apennines rose 
several thousand feet above the level of the Mediter- 
ranean, before the deposition of the recent Subapennine 
beds which flank them on either side. Wh&t now con- 
stitutes the central calcareous chain of the Apennines 
must for a long time have been a narrow ridgy penin- 
sula, branching off, at its northern extremity, from the 
Alps near Savona. This peninsula was afterwards 
raised from one to two thousand feet, by which move- 
ment the ancient shores, and, for a certain extent, the 

K 3 
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bed of the contiguous sea, were laid dry, both on 
side of the Mediterranean, and the Adriatic. 

Tiie evidence of these vicissitudes will be explaii 
by the accompanying diagram, which represents. 




transverse section across the Italian peninsiila. 
inclined strata A are the disturbed formations of 
Apennines into which the ancient igneous rocks a ', 
intruded themselves. At a lower level on the B 
of the chain on each side are the more recent si 
beds b b, which often contain rounded pebbles deril 
from the waste of contiguous parts of the older Ap< 
nine limestone. These, it will be seen, are horizoni 
andlie in what is termed "unconformable stratificatii 
on the more ancient series. Tiiey now constituW 
line of hills of moderate elevation between 
the Apennines, but nei'er penetrating to the hi^ 
and more ancient valleys of that chain. 

These phenoniena are exhibited in the Alps on 
much grander scale ; those mountains being compo 
in some of their higher regions of newei 
formations, while they are encircled by a great zone 
tertiary rocks of different ages, both on their south* 
flank towards the plains of the Po, and on the side 
Switzerland and Austria, and at their eastern t 
ation towards Styria and Hungary.* This tertiary a 

■ S«e a Memoir by Professor Sedgwick and Mr. Murdnlf 
oil Itie Alps. Trans, ot Ceol. Soc. second scr. vaL iii. |nn3.,i 
ootnpanied by a map. 
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urlu the position of former seas or gulfs, like the 
Adriatic, which were many thousand feet deep, and 
. strata accumulated, some single groups of 
ich seem scarcely inferior in thickness to the whole 
our secondary formations in England. These ma- 
e tertiary strata rise from the height of from two 
>four thousand feet and upwards, and consist of form- 
; of different ages, characterized by different 
uemblages of organized fossils. TIic older tertiary 
reups generally rise to greater heights, and form in- 
ir zones nearest to the Alps. We may imagine 
e future convulsion once more to upraise this stu- 
Bndous chain, together with the adjoining bed of the 
B, so that the greatest mountains of Europe might 
en rival the Andes in elevation, in which case the 
atas of the Po, Adige, and Brenta, now encroaching 
n the Adriatic, might be uplifted so as to form an- 
BT exterior belt of considerable height around the 
both-eastern flank of the Alps. Although we have 
M yet ascertained the number of different periods at 
tbich the Alps gained accessions to their height and 
ISdlli, yet we can affirm, that the last series of move- 
fi»nt» occurred when the seas were inhabited by many 
g species of animals. 
Hie Pyrenees, also, have acquired the whole of their 
fttteat altitude, which in Mont Perdu exceeds 
^even thousand feet, since the origin of some of the 
«wer members of our secondary series. The granitic 
is of tliat chain only attains about the same height 
a ridge formed by marine calcareous beds, the or- 
gniic remains of which show them to be the equivalents 
rfour chalk and green-sand series.* The tertiary strata 

TtiiaoUervatlon, lint made b; M. Boue, hs.i 1)e«n since con- 
Innrt bj M. Dufrfnoy. 
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at the base of the chain are only raised to the he 

of a few hundred feet above the sea, and retain a 1 
Kontal position, witliout partaking in general in the 
turbances to which the older series has been subjec 
so that the great barrier between France and S 
was almost entirely upheaved in the interval belt 
the deposition of the chalk and certain tertiary »l 
The Jura, also, owe a great part of their present 
vation to subterranean convulsions which happ< 
after the deposition of certain tertiary groups,* 

The remurkabje break above alluded to, betwi 
the most modern of the known secondary rocks 
tlie oldest tertiary, may be in some measure appai 
only, and ascribuble to the present deficiency of 
information -|- ; in which case the signs of intermetE 
gradations, by which a passage was effected A'ain 
state of things to another, may hereafter be discovt 
Nevertheless, it is far from impossible that the ii 
between the chalk and tertiary formations constiti 
an era in the earth's history, when the transition fli 
one class of organic beings to another was, compi 
lively speaking, rapid. For if the doctrines abtf 
explained in regard to vicissitudes of temperature 
sound, it will follow that changes of equal magnitn 
in the geographical features of the globe, may i 
ferent periods produce very unequal effects on clii 
and, so far as the existence of certain animali 
plants depends on climate, the duration of species n 
often be shortened or protracted, according 

Lte at which the change of temperature proceedeit 
Let ua suppose that the laws which regulate 



■M. Eliede Beaumont, Ann. des Sci. Nul., D( 
f See Book iv. chnp. S3. 



terranean forces are constant and uniform, (which 
Ui entitled to assume, until some convincing 
A can be adduced to the contrary,) we may then 
&r, that s given amount of alteration in the super- 
biil JDequaJities oF tlie surface of the planet always 
juires for its consummation nearly equal periods of 
oe. Let us then imagine the quantity of land 
IvecD the equator and the tro[)ic in one hemisphere 
be to that in the other as thirteen to one, which, as 

before stated, represents the unequal proportion 
the extra-tropical lands in the two hemispheres at 
tent. Then let the Rrst geographical change con- 
■ in the shifting of this preponderance of land 
n one side of the line to the other, from the southern 
nisphere, for example, to the northern. Now this 
id not afiect the general temperature of the earth. 
[ if, at another epoch, we suppose a continuance of 

same agency to transfer an equal volume of land 
n the torrid zone to the temperate and arctic 
jons of the northern and southern hemisphere, or 

one of them, there might be so great a refrigera- 

1 of the mean temperature in all latitudes, that 
rcely any of the pre-existing races of animals would 
'vive, and, unless it pleased the Author of Nature 
It tile planet should be uninhabited, new species 
uld then be substituted in tlie room of the extinct. 
eoi^ht not, therefore, to infer, that equal periods 
time are always attended by an equal amount of 

Auige in organic life, since a great fluctuation in tlie 
temperature of the earth, the most influential 
whicli can be conceived in exterminating whole 
of animals and plants, must, in different epochs, 

*6quiiB unequal portions of time for its completion. 
For some additional facts and views respecting 
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revcriutioDS in physical geography, of compcradTelj 
modem date, I refer the reader i^ain to the de8crq>- 
tion of the map appended to this chapter; and, in 
conclusion, shall merely affirm, that there is a DEiarked 
coincidence between the eras of the principal alteration 
in climate, and the most extensive changes in the 
former position of the sea and land, so far as they are 
yet known to us. We have already seen, that the 
temperature was most elevated when the northern 
hemisphere seems to have been occupied by the ocean, 
and that the refrigeration increased in proportion as 
that ocean became converted into land ; nor was the 
maximum of cold produced until the lands had attained 
their full extension, and the mountain chains of Europe 
their actual height. 

Count Sternberg, in his comments on this theory of 
climate*, has objected that there are no geological 
proofs of the prevalence at any former period of a 
temperature lotoer than that now enjoyed; whereas, if 
the causes above assigned were the true ones, it might 
reasonably have been expected that fossil remains 
would sometimes indicate colder as well as hotter 
climates than those now established. This objection, 
however, is of no great weight, because it is probaUe 
that the time required to bring about a transposi- 
tion of the site of the continents from polar to equa- 
torial regions, or the reverse, may be also sufficient 
to modify almost entirely the earth's crust; the 
aqueous and igneous agents having power to destroy 
and renovate in the course of ages the whole exterior 
of the planet, in the manner to be described in the 
sequel. If this be the case, it may easily happen that 

* AUegemeine litentur ZeitUDg, No. czxxix. July, JSaS* 
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le fossiliferouB strata of certain regions of the globe, 
as Europe and North America, may have re^ 
ierence to part only of a complete cycle of change in 
Ihe temperature of the earth's surfece. The climate 
flow enjoyed may be assumed, for reasons already ex- 
jlained, to be very distant from the extreme of possible 
ttAd; and, on the other hand, we have no right to 
Mppose, that tlie fossils of the carboniferous era re- 
ftetent tlie maximum of heat. Our retrospect, there- 
into the history of the past, may only carry us 
tver a small portion of one revolution, during which 
wfiigeration may have been constant, although not 
toifDrm ; for, as before hinted, the ratio of cooling may 
hive been sometimes accelerated, as in the interval 
betvecn the cretaceous and Eocene periods. We 
lUTe only, then, to imagine, that the strata hitherto 
mmined originated when the quantity of equatorial 
Itad was always decreasing, and the land in regions 
Beirerthe poles augmenting, in height and area, in 
Much case every fossil flora and fauna may indicate 
tbe passage from a summer Co a winter temperature. 

Theory of Central Heat. — The gradual diminution 
rf ihe supposed central heat of the globe has been 
Ktorted to by many geologists as the principal cause 
of alterations of climate. The matter of our planet 
lagined, according to the conjecture of Leibnitz, 
to have been originally in an intensely heated state, 
dd to have been parting ever since with portions of 
W heat, at the same time that it has contracted its 
dimensions. There are, undoubtedly, some grounds 
6r bferring, from recent observation and experiment, 
the temperature of the earth increases as we 
QCBcend from the sur&ce to that slight depth to which 
penetrate ; hut there are no proofs of a secular 
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decreaae of heat acaMmpaaSeA br contnctian. On 
the contraiT, La FUoe hjs dtovn, br reference to 
Mtronomical obiervvtioia made in die time of Hip- 
parchm, that in the last two thomand jean there has 
been no sensible contraction of the globe by cooling; 
far had this been the case, eren to an extremely 
small amount, the dav would have been shortened, 
whereas its length has certainlv not diminished during 
that period by -^^^th of a second. Baron Fouriery 
after making a curious series of experiments on the 
cooling of incandescent bodies, has endeaToured, by 
profound mathematical calculations, to proTe that the 
actual distribution of heat in the earth's enrelope is 
precisely that which would have taken place if the 
globe had been formed in a medium of a very high 
temperature, and had afterwards been constantly 
cooled.* 

Now this conclusion is appealed to by many as cor- 
roborating the theory of secular refrigeration, although 
the phenomenon might probably be ascribed, with equal 
propriety, to the action of volcanic heat, which we 
know has, in former ages, shifted its points of chief 
development over every part of the earth's crust. 

M . Cordier announces as the result of his experi- 
ments and observations on the temperature of the in- 
terior of the earth, that the heat increases rapidly with 
the depth ; but the increase does not follow the same 
law over the whole earth, being twice or three times as 
much in one country as in another, and these differences 
not being in constant relation either with the latitudes 

* See a Memoir on the Temperature of the Terrestrial Globe, 
sad the Planetary Spaces, Ann. de Chimie et Phys. torn, xzyii. 
p, ise. Oct 18S4. 
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longitudes of places.* All this is precisely what 
"i should have expected to arise from variations in 
the mtenaily of volcanic hea.i, and from that change of 
poeilion, which the principal theatres of volcanic action 
on be proved to have undergone. 

But the advocates of the doctrine of central heat 
nmtead, that although no contraction can be demon- 
ilrated to have taken place within the historical period 
(ibe operation being slow and the time of observation 
limited), yet it is no less certain that heat is annually 
pBSsing out by radiation from the interior of the globe 
Into the planetary spaces, while, on the other hand, 
there is no assignable mode in which this heat can be 
igim restored to the earth. Streams of incandescent 
Uva rise up from unknown depths, flow out upon the 
lurface, and before they consolidate emit much light 
and heat. In what manner does the igneous and lu- 
minous matter, thus withdrawn from our planet, return 
igaia from the celestial spaces ; or, if lost, does it 
lot imply a continual cooling of the central parts of 
the earth ? 

This argument may appear plausible, until we reflect 
how ignorant we are of the sources of volcanic heat, 
or mdeed of the nature of light and beat in general. 
It is doubtless true, that light and heat are continually 
ttnanating from the earth ; but, in the same manner, it 
may be said that they escape without Intermission 
from the sun, and we know not whether there be any 
(Compensating causes which again restore them to that 
wninary. — It is a mystery, says Herscbel, speaking 
of the sun, to conceive how so enormous a conflagra- 

« M. Cordier's Memoir an Ihc Temperature of the lalerioT 
"^ lie Earth, rend (o the Academy of Sciences, 4lh June, 1 827. 
I. New Pbil. Jiiuni. No. viii, p. 373. 
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tion (if such it be) can be kept ap. E^eiy dis- 
covery in chemical science hare leaves us completelj 
at a loss, or rather seems to remove farther the pro- 
spect of probable explanation. May not, he adds, a 
continual current of electric matter be constantly 
circulating in the sun's immediate neighbourhood, or 
traversing the planetary spaces? &c. &c* 

Those geologists who advocate the doctrine of ter« 
restrial refrigeration may fairly be asked whether their 
theory might not be applied as well, or even preferaUy, 
to the sun instead of to the earth ; for while there seem 
to be no positive ^ts which render the assumption 
more arbitrary in the one case than in the other, there 
may be some advantages in supposing a secular dimi- 
nution of solar influence. If the great luminary, 
when first created, were in a more heated state, it 
would have given out by radiation an excess of such 
light and heat as might have produced the required 
effect on the ancient climates : but who shall declare 
whether, if the central nucleus of the earth were highly 
ignited, it would supply the habitable surface with the 
kind of heat which may explain the forms of fossil 
plants and animals ? 

Astronomical causes qfjiuctttations in climate. — > Sir 
John Herschel has lately inquired, whether there are 
any astronomical causes which may offer a possible 
explanation of the difference between the actual cli- 
mates of the earth*s surface, and those which formerly 
appear to have prevailed. He has entered upon this 
subject, he says, << impressed with the magnificence 
of that view of geological revolutions, which regards 
them rather as regular and necessary effects of great 
and general causes, than as resulting from a series of 

* Treatise on Astronomy, § 337. 
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convulsions and catastrophes, regulated by no law^ 
and reducible to no fixed principles." Geometers, 
he adds, liave demonstrated the absolute invariability 
of the mean distance of the earth from the ; 
whence it would at first seem to follow, that the 
mean annual supply of light and heat derived from 
that luminary would be alike invariable : but a cloier 
consideration of the subject will show, that this would 
not be a legitimate conclusion ; but that, on the coD" 
trary, the mean amount of solar radiation is dependent 
on the excentricity of the earth's orbit, and therefore 
liable to variation. * 

Now, the excentricity of the orbit is actually dimi- 
nishing, and has been so for ages beyond the records 
of history. In consequence, the ellipse is in a state 
of approach to a circle, and the annual average of 
solar radiation is actually on the decrease. Sc 
this is in accordance with geological evidence, which 
indicates a general refrigeration of climate; hut the 
question remains, whether the amount of diminutioii 
which the excentricity may have ever undergone, can 
be supposed sufficient to account fur any sensible 
refrigeration. The calculations necessary to deter- 
mine this point, though practicable, have never yet 
been made, and would be extremely laborious ; for 
they must embrace all the perturbations which the 

• The theorem is thus slated ; — " ThE eicenlridty of the orbit 

rarjing, the latal quantity of beat recijived bj the earth from llw 

in onu revolution is inversely proportional lo the mine 

' of the orbit, The major axis is invariable, and therefore, at 

\ course, the absolute length of the year : heace it follows Ibal tha 

nean annual average of bent will also be in the same ii 

'Btio of the minor aiis." — Geol. Train. Becond series, roL iii.. 
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\& map will enable the reader to perceive at a glance 
great extent of change in tlie physical geography 
Europe, which can be proved to have taken place 
of the older tertiary strata were deposited, 
le most ancient part of the period to which the map 
fera cannot be deemed very remote, considered 
irfogically ; because the deposits of the Paris and 
ondon basins, of Auvergne, and many other districts 
clanging to the Eocene tertiary epoch, ore newer 
lan thegreaterpart of the sedimentary rocks of which 
crust of the globe is composed. The species, more- 
ir, of marine and fresh-water testacea, of which the 
uains are found in these most ancient tertiary form- 
not entirely distinct from such as now live; 
a proportion of more than three in a hundred of 
'tliB fossils having been identified with species now 
iving.* Yet, notwithstanding the comparatively recent 
■^xxi to which the retrospect is carried, the variations 
the distribution of land and sea depicted on the 
OiBp form only a part of those which must have taken 
Jiltee during the period under consideration. Some 
*PPfoximftlion has merely been made to a correct, 
Ultimate of the amount of sea converted into land inl 
P*'l of Europe best known to geologists, but we 
• See Book iv. ch. 5. 
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cannot determine how much land has become 
during the s^me period ; and there may have Ek 
repeated interchanges of land and water in the " 
places, mutations of which no account is taken i 
map, and respecting the amount of which little 
rate information can ever be obtained by geologists. 

The proofs of submergence, during some part 
other of tile tertiary period, in all the districts dist 
guished by ruled lines, are of a most unequivo 
(diaracter; for the area thus described is novv 
by deposits containing the fossil remains of 
animals belonging to tertiary species. I have, indec 
extended the sea in two or three instances beydl 
these limits, because other geological data have 
obtained for inferring the submergence of these i 
subsequently to the commencement of the depoailj 
of the tertiary strata, llius I sliall explain, in < 
4th Book*, my reasons for concluding that part of i 
chalk of England (the north and south downs, 
example, together witli the intervening second 
tracts,) continued beneath the sea until the Eoce 
tertiary beds had begun to accumulate 

It is possible also that a considerable part of Caemi 
vonshire might with propriety have been represent 
Bfi sea, if our information respecting the geolf^ 
that county had been more full and accurate 
marine shells have been found in sand and gravel 
the height of one thousand feet above the level of 
sea, on the summit of Moel Tryfane, between Snowi 
and the Menai Straits. The species are apparenl 
recent, but certainly are newer than the Eocene period 

•Ch. »li.and<lii. 

I. Sac. London, Na 
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The introduction of a small bay where the river 
^ble enters into tlie sea in Lancashire is warrant- 
by a newly discovered deposit of tertiary shells 
rrering an area of about thirty miles square in that 
?ion.» 

A portion also of the primary district in Brittany is 
Inided into islands, because it has been long known to 
;ered with patches of marine tertiary strata ; and 
I examined the disposition of these, in company 
nth my friend, Captain S. E. Cook, R. N., in 1830, I 
convinced that the sea must have covered much 
^r areas than are now occupied by these small and 
etached deposits. 

The former connexion of the White Sea and the 
'ih]f of Finland is proved by the fact that a broad 
sd of tertiary strata extendi throughout part of the 
lervening space. The channel, it is true, is represent- 
as somewhat broader than the tract now occupied by 
! tertiary formation ; because the latter is bordered on 
ie north-west by a part of Finland, which is extremely 
■, and so thickly interspersed with lakes as to be 
»rly half covered with fresh water. 
Certain portions of the north-western shores of 
DTway have been left blank, because the discovery by 
Buch, firongniart, and others, of deposits of recent 
s along the coast of Norway and Sweden, at 
ral places and at various heights above the level 
tbe sea, attest the comparatively recent date of the 
'ation of part of t!ie gneiss and other primary rocks 
tllBt country, although we are unable as yet to 
line how far the sea may have extended. 

t See memoir by ilt. Slurcliison, Proceediiiys of York Meet- 
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On the other hand, a considerable space of low J 
along the shores of the Gulf of Bothnia, i 
is represented as sea ; because the growth of delta 
thai coast, and the shallowing of the water know] 
have taken place during the historical era, leave 
room for doubt that the extent of the gulf must b 
been greater at some time since the Eocene period 

The low granitic steppe, coloured red, to the n 
of the Black Sea, has not been represented a 
been under water during the tertiary period, althon 
troni the quantity of marine tertiary strata ii 
rounding districts, it is far from improbable that it 
recently emerged. 

I was anxious, even in the title of this map, to gi 
the reader against the supposition that 
to represent the state of the physical geography of] 
of Europe at any one point of time. The difficuliyi 
rather the impossibility, of restoring the geography 
the globe as it may have existed at any former peri 
especially a remote one, consists in this, that we 
only point out wliore part of the sea has bee 
into land, and are almost always unable to deteni 
what land may have become sea. All maps, there( 
pretending to represent the geography of remote g 
logical epochs must be ideal. 
sideration is not a restoration of a former state 
things, but a synoptical view of a certain amount of 
one kind of change (the conversion of sea into land) 
known to have been brought about within a given 
period. The alteration has been so complete, that no* 
one of the species of organic beings which now inhabit 
the large space designated by ruled lines, beyond th£ 
borders of the existing seas, 
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during other periods subsequent to the commence- 
ment of the tertiary era. 

In the former part of this chapter I have stated, 
that the movements of earthquakes occasion the sub- 
sidence as well as the upraising of the surface ; and 
that, by the alternate rising and sinking of particular 
spaces, at successive periods, a great area may have 
been entirely covered with marine deposits, although 
the whole may never have been beneath the waters at 
one time ; nay, even though the relative proportion of 
land and sea may have continued unaltered throughout 
the whole period. I believe, however, that since the 
commencement of the tertiary period, the dry land in 
the northern hemisphere has been continually on the 
increase, not only because it is now greatly in excess 
beyond the average proportion which land generally 
bears to water on the globe, but because the com- 
parison of the secondary and tertiary strata implies a 
passage throughout the space now occupied by Europe, 
from the condition of an ocean interspersed with islands 
to that of a large continent.* • 

But if it were possible to represent all the vicissi- 
tudes in the distribution of land and sea that have 
occurred during the tertiary period, and to exhibit 
not only the actual existence of land where there was 
once sea, but also the extent of surface now submerged 
which may once have been land, the map would still 
fail to express all the important revolutions ii! physical 
geography which have taken place within the epoch 
^der consideration. For the oscillations of level, as was 
before stated, have not merely been such as to lift 
^P the land from below the waters, but in some 

See Book iv. chap, iii, 
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cases to occasion a rise of several thousand feet 
above the sea. Thus the Alps have acquired an 
additional altitude of from 2000 to 4000 feet, and even 
in some places still more ; and the Apennines owe a 
great part of their height (from 1000 to 2000 feet and 
upwards) to subterranean convulsions which have 
happened within the tertiary epoch. 

On the other hand, some mountain chains may have 
been lowered during the same series of ages, in an 
equal degree, and shoals may have been converted 
into deep abysses. 

In conclusion it may be observed, that the facts exhi- 
bited in this map bear not merely on the theory of 
climate above proposed, but serve also to illustrate the 
views explained in the third book respecting the 
itions of animals and plants, and the gradual ex- 
i*of species. 
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CHAPTER IX. 



BEH I>tSCDSSia<) OP TBS QUESTION its TO THE DI5- 
URDilKCB OF THE ANCIENT AM> MODERN CAUSES OP 

toy Df the progresaTe development of organic life — Evidence 

fnitssuppoTt inconcluuve. — Vertebrated animaJS) and planU 
tf the most purfect orguiiistion [n strata of very high ui' 
tiquity — Difibrcnces 'between the organic remains of Bucessiie 
fbniuitons — Remarks on the comparatively modem oripn of 
the human race — The popular doctrine of successive develop- 
*tiit not confirmed by the admias-ion that man h of modern 



^Kffressive deeehpment of organic life. — In the pr^ 
(ding cliapters I have considered many of the most 
opuJar grounds of opposition to the doctrine, that all 
Inner changes of the organic and inorganic creation 

referrible to one uninterrupted succession of phy- ^^ 
IbI events, governed by the laws now in operatio^^ 
As the principles of tlie Bcience must alway^jl^^in 
■Mettled EO long as no fixed opinions are enterRilied 
this fundamental question, I shall proceed ta||te- 
Btne other objections which have been '^t|iNMiHB 
le assumption of the identity of the ancient and i|p 
Bm causes of change. A late distinguished writer 
formally advanced some of the most popular o^ 
lesB objections. " It is impossible," he affirms, " to 
fend the proposition, that the present order 
the ancient aod constant order of nature, only moi 
existing laws — in those strata which are deep- 
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est, and whicli must, consequently) be supposed to 
the earliest deposited, forms even of vegetable life M 
rare; shells and vegetable remains are found ii 
next order; the banes of Hshes and oviparous repdt 
exist in the following class ; the remains of birds, w 
those of the same genera mentioned before, in the na 
order ; those of ([uadrupeds of extinct species in a sf 
more recent class ; and it is only in the loose u 
slightly consolidated strata of gravel and sand, n 
which are usually called diluvian formations, that ti 
remains of animals such as now people the globe ai 
found, with others belonging to extinct species. Bv 
in none of these formations, whether called secondaq 
tertiary, or diluvial, have the remains of man, or M 
of his works, been discovered ; and whoever dwrf 
upon this subject must be convinced, that the preee 
order of things, and the comparatively recent exists 
of man as the master of the globe, is as certain as tl 
destruction of a former and a different order, and d 
extinction of a number of living forms which have fl 
types in being. In the oldest secondary strata tbs 
are no remains of such animals as now belong to tt 
surface ; and in the rocks, which may be regarded I 
more recently deposited, these remains occur but n 
and with abundance of extinct species; — there at 
as it were, a gradual approach to the present eystemt 
things, and a succession of destructions and creatin 
preparatory to the existence of man," • 

In the abqjfe passages, the author deduces two in 
portant conclusions from geological data: lirst>Uial^ 
the successive groups of strata, from the oldest U 

, Dialogue III. "W 
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most recent, there is a progressive development of 
organic life, from the simplest to the most complicated 
forms; — secondly, that man is of comparatively recent 
origin. It will be easy to show that the first of these 
propositions, though very generally received, is most 
questionable, and has but a slender foundation in fact. 
The second, on the contrary, is indisputable ; and it is 
important, therefore, to consider how far its* admission 
is inconsistent with the doctrine, that the system of 
the natural world may have been uniform from the 
beginning, or rather from the era when the oldest 
rocks hitherto discovered were formed. 

First, then, let us consider the geological proofs ap- 
pealed to in support of the theory of the successive 
development of animal and vegetable life, and their pro- 
gressive advancement to a more perfect state. No 
geologists who are in possession of all the data now 
established respecting fossil remains, will for a moment 
contend for the doctrine in all its detail, as laid down 
by the great chemist to whose opinions we have re- 
ferred ; but naturalists, who are not unacquainted with 
recent discoveries, continue to defend it in a modi- 
fied form. They say that, in the first period of the 
world, (by which they mean the earliest of which we 
have yet procured any memorials,) the vegetation con- 
sisted almost entirely of cryptogamic plants, while the 
animals which co-existed were almost entirely confined 
to zoophytes, testacea, and a few fish. Plants of a less 
simple structure succeeded in the next epoch, when 
oviparous reptiles began also to abound. Lastly, the 
terrestrial flora became most diversified and most per- 
fect when the highest orders of animals, the mammi- 
fera and birds, were called into existence. 

Now, in the first place, it may be observed, that many 

VOL. I. L 
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naturalists are guilty of no small inconsistency ii 
deavouring to connect the phenomena of the earl 
vegetation with a nascent condition of organic 
and at the same time to deduce, from the nun 
cal predominance of certain types of form, the gre 
heat of the ancient climate. The arguments in fel 
of the latter conclusion are without any force, uo 
we can assume that the rules followed by the Aut 
of Nature in the creation and distribution of orgi 
beings were the same formerly as now ; and that 
certain families of animals and plants are no» 
abundant, or exclusively confined to regions 
there is a certain temperature, a certain degree 
humidity, a certain intensity of light, and other C 
ditions, so also the same phenomena were exhibited 
every former era. 

If this postulate be denied, and the prevalenca 
particular families be declared to depend on a 
order of precedence in the introduction of difiew 
classes into the earth, and if it be maintained that< 
standard of organization was raised successively, 
must then ascribe the numerical preponderance in 
earlier ages of plants of simpler structure, not t& 
heat, but to those different laws which regulate org< 
life in newly-created worlds. If, according to the \ 
of progressive development, cryptogamic plaoti alu 
flourish for ages before the dicotyledonous ordei > 
be established, then is the small proportion of the Itf 
fully explained; for in this case, whatever may b 
been the mildness or severity of the climate, they co«M 
not make their appearance. 

Before we can infer an elevated temperature in high 
latitudes, from the presence of arborescent Ferns, Lyco- 
podiacetE, and plants of otlier allied families, we must be 
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permitted to assume, that at all times, past, present, 
and future, a heated and moist atmosphere pervading the 
northern hemisphere has a tendency to produce in the 
vegetation a predominance of analogous types of form. 
In the ancient strata of the carboniferous era, be- 
tween 200 and 300 species of plants have been found. 
In these, say the authors of the " Fossil Flora*," no 
traces have been as yet discovered of the simplest 
forms of flowerless vegetation, such as Fungi, Lichens, 
Hepaticae, or Mosses; while, on the contrary, there 
q>pear in their room Ferns, Lycopodiacese, and sup- 
posed Equisetaces, the most perfectly organized 
Cryptogamic plants. In regard to the remains of 
Monocotyledons of the same strata, they consist of 
palms and plants analogous to Dracaenas, Bananas, and 
the Arrow Root tribe, which are the most highly de- 
veloped tribes of that class. Among the Dicotyledons 
of the same period coniferous trees were abundant, 
^hile the fossil Stigmaris, which accompany them, 
belonged probably to the most perfectly organized 
plants of that class, being allied to the Cactese, or 
EuphorbiacesB. " But supposing," continue the same 
authors, '^ that it could be demonstrated, that neither 
Coniferae nor any other dicotyledonous plants existed 
in the first geological age of land plants, still the 
theory of progressive development would be untenable ; 
because it would be necessary to show that Monoco- 
tyledons are inferior in dignity, or, to use a more in- 
telligible expression, are less perfectly formed than 
Kcotyledons. So far is this from being the case, that 
*f the exact equality of the two classes were not ad- 

* Fossil Flora of Great Britain, by John Lindley and William 
Huttoo, Esquires. Liondon, 1832. Preface. 
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mittcd, it would be a question whether Monocotj^ 
dona are not the more highly organisied of the I 
whether palms are not of greater dignity than v 
and cerealia than uettlee." 

Verlebraled animals in t/ie oldest strata. — ' 
animal remains in the most ancient series of Europe! 
Bedimentary rocks (from the groywacke to the C 
incluBive), consist chiefly of corals and testacea. So 
estimate may generally be formed of the comparath 
extent of our information concerning the fossil n 
of a particular era, by reference to the num 
apecies of shells obtained from a particular grnup'i 
strata. Some of the rarest species cannot be I 
covered, unless the more abundant kinds have bi 
found again and again ; and if the variety brouff 
to light be very considerable, it proves not only gi 
diligence of research, but a good state of preservifl 
of the organic contents of that formation. 
older rocks, many causes of destruction have o))erat( 
of which the influence has been rendered considers) 
by the immense lapse of ages during which they hi 
acted. Mechanical pressure, derangement by subti 
ranean movements, the Bction of chemical affinity, i 
percolation of acidulous waters and other agencies, hi 
obliterated, in a greater or less degree, all trace* 
organization in fossil bodies. Sometimes onlyolu 
or unintelligible impres&ions arc left, and the lapidii 
ing process has often effaced not only the characti 
by which the species, but even those whereby t 
class might be determined. 

The number of organic forms which have dot 
peared from the oldest strata, may be conjectui 
from the fact, that their former existence is in mU 
cases merely revealed to us by tlie unequalw 
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of an exposed face of rock, by which certain parts are 
made to stand out in relief. As the number of species 
of shells found in the English series, from the gray- 
wacke to the coal inclusive, after attentive examination, 
amounts only to between one and two hundred, we 
cannot be surprised that so few examples of verte- 
brated animals have as yet occurred. The remains of 
fish, however, appear in one of the lowest members of 
the groups Numerous scales of fish have been found 
by Dr. Fleming in quarries of the old red sandstone at 
Clashbinnie in Perthshire, where I have myself col- 
lected them ; and I have two entire skeletons of fish 
from the same formation in Forfarshire. These beds 
are decidedly older than the coal and mountain lime- 
stone of Fifeshire, which entirely destroys the theory 
of the precedence of the simplest forms of animals^ 
Scales also of a tortoise, nearly allied to trionyx, occur 
abundantly in the bituminous schists of Caithness, and 
m the same formation in the Orkneys in Scotland. 
Professor Sedgwick and Mr. Murchison confidently 
pronounce these schists to be of the age of the old red 
sandstone ; so that we have here an example of a fossil 
reptile in rocks referred to the oldest part of the 
carboniferous series.* 

The only negative fact, therefore, remaining in 
support of the doctrine of the imperfect development 
of the higher orders of animals in remote ages, is the 
absence of birds and mammalia. The former are 
generally wanting in deposits of all ages, even where 
the highest order of animals occurs in abundance. 
Land mammifera could not, as was before suggested, 

* See Geol. Trans., second series, vol. iii. part 1. p. 144., and 
far a representation of the scales of the Trionjx, plate 16* oi ib% 
•ame part. 
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be looked for in strata formed ia an ocean interspen 
with isles, Eucli as we may suppose to have existed 
the northern hemisphere, when the carboniferous n 
were formed. 

As all nre agreed that the ancient strata in questie 
were suliaqueous, and for the most part submaiMi 
from what data, we may ask, do naturalists infer (h 
non-existence or even the rarity of warm-Uoode 
quadrupeds in the earlier agea ? Have they dredge 
the bottom of the existing ocean throughout a 
co-extensive with that occupied by the carboniferN 
rocks, and have they found that with the number t 
between one and two hundred species of shells th(? 
always obtain the remains of at least one land quadit 
ped F Suppose our mariners were to report, that d 
sounding in the Indian ocean near some coral red 
and at some distance from the land, they drew up t 
hooks attached to their line portions of a leopw 
elephant, or tapir, should we not be sceptical as to tl 
accuracy of their statements P and if we had no Aai 
of their veracity, might we not suspect them to be a 
skilful naturalists ? or, if the fact were unquestiooq 
should we not be disposed to believe that some veM 
had been wrecked on the spot ? 

The casualties must be rare indeed whereby In 
quadrupeds are s»'ept by rivers and torrents into i 
open sea, and still rarer the contingency of sue 
floating body not being devoured by sharke or oi 
predaceous fish, such as were those of which we it 
the teeth preserved in some of the carbonifen) 
strata. * Gut it' the carcass should escape, and aho4 
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hi^pen to sink where sediment was in the act of ac- 
cumulating, and if the numerous causes of subse- 
quent disintegration should not efface all traces of 
the body included for countless ages in solid rock, 
is it not contrary to all calculation of chances that 
we should hit upon the exact spot, — that mere point 
in the bed of an ancient ocean, where the precious 
relic was entombed ? Can we expect for a moment, 
when we have only succeeded, amidst several thou- 
sand fragments of corals and shells, in finding a few 
bones of aqtuUie or amphibiotis animals, that we 
should meet with a single skeleton of an inhabitant of 
the land ? 

Clarence, in his dream, saw, << in the slimy bottom 
of the deep," 

I a thousand fearful wrecks ; 

A thousand men, that fishes gnaw*d upon ; 
Wedges of gold, great anchors, heaps of pearl. 

Had he also beheld, amid << the dead bones that lay 
scattered by," the carcasses of lions, deer, and the 
other wild tenants of the forest and the plain, the 
fiction would have been deemed unworthy of the genius 
of Shakspeare. So daring a disregard of probability 
and violation of analogy would have been condemned 
as unpardonable, even where the poet was painting 
those incongruous images which present themselves to 
a disturbed imagination during the visions of the night. 
Organic remains of the secondary strata. — The 
organic contents of the secondary strata in general 
consist of corals and marine shells. Of the latter, the 
European strata (from the inferior oolite to the chalk 
inclusive) have yielded above one thousand species. 
Vertebrated animals are very abundant, but they are 

L 4. 
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almost entirely confined to fish and reptiles. But 
some remains of cetacea are said to have been met 
with in the oolitic series of England * ; and it is well 
established, that in the same series the bones of two 
species of warm-blooded quadrupeds of extinct genera 
allied to the Opossum f have been found. The occur- 
rence of one individual of the higher classes of mam- 
malia, whether marine or terrestrial, in these ancient 
strata, is as fatal to the theory of successive develop- 
ment as if several hundreds had been discovered. 

Of the Tertiary strata, — The tertiary strata, as will 
appear from what we have already stated, were deposited 
when the physical geography of the northern hemi- 
sphere had been entirely altered. Large inland lakes 
had become numerous, as in Central France and many 
other countries. There were gulfs of the sea, into 
which large rivers emptied themselves, where strata 
were formed like those of the Paris basin. There 
were then also littoral formations in progress, such as 
are indicated by the English Crag^ and the Faluns of 
the Loire. The state of preservation of the organic 

• On the authority of Dr. Buckland, Trans. Geol. Soc vol. i. 
part 2. second series, p. 394. 

f The mammiferous remains of the Stonesfield slate, near Ox- 
ford, consist of three or perhaps four jaws, one of which, now in 
the Oxford Museum, has been examined by M. Cuvier, who has 
pronounced it to be allied to the Didelphis. Another of these 
valuable fossils, in the possession of my fdend Mr* Broderip, ap- 
pears to be not only specifically, but generically distinct, from that 
shown to M. Cuvier. See Observations on the Jaw of a Fossil 
Mammiferous Animal found in the Stonesfield Slate, by W. J. 
Broderip, Esq. Sec. G.S., F.R. S., F.L.S.,&c. Zool. Joum. vol. 
iii, p. 408. 1827. «!-^^— June, 1833. I have just been informed 
by Dr. Buckland, that a new jaw of a mammiferous animal has 
been discovered in the quarries of Stonesfield. 
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•Bcnains of this period is very difTercnt from that of 
Ifksila in ihe older rocks, the colours of the shells, and 
Wen the cartilaginous ligaments uniting the valves, 
king in some cases retained. More than 1100 
of teatacca have been found in the beds of the 
tiris basin, nnd an equal numbtr in the more modem 
iBtions of the Subapennine hills; and it is a most 
fact ill natural history, that the zoologist has 
iy acquired more extensive information concem- 
hg the testacea which inhabited the ancient seas of 
Mrthem latitudes at those remote epochs than of the 
lecie* now living in the same parallels in Europe. 
Peris basin. — The strata of the Paris basin are 
Btly of fresh-water origin, and filled with the spoils 
' the land. They have afforded a great number of 
^Melons of land quadrupeds, but these relics are con- 
"faed almost entirely to one small member of the 
^up*, and their conservation may be considered as 
%»ving arisen from some local and accidental corabina- 
of circumstances. On the other hand, the scarcity 
Wteirestria! mammalia in submarine sediment is eluci- 
listed, in a striking manner, by the extremely small 
Ottinber of such remains hitherto procured from the 
'Oicaire grassier, one of the formations of the Parisian 
:fcries.t 

' Subapennine beds. — ^ Although the Subapennine strata 
n*»e been examined by collectors for three hundred 
jMrs, and have yielded twelve hundred species of 
*ertiicea, the authenticated examples of associated re- 
>>uiu of terrestrial mammalia are extremely scanty; 
lad several of those which have been cited by earlier 
liters as belonging to the elephant or rhinoceros 

• Book iv. cb. xviii. f "'i^- 
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hare since been declared, by able anatomists, 
the bones of whales and other cetacea. In about & 
or ten instances, perhaps, bnnes of the mastoddl 
rhinoceros, and some other land animals, have b 
observed in this formatian with marine shells attachi 
These must have been washed into the bed of til 
ancient sea when the strata were forming, and t 
serve to attest the continuity of land inhabited by \ta\ 
herbivora, which renders the rarity of such excepdM 
more worthy of attention. On the contrary, 
number of skeletons of existing animals in the u 
Val d'Amo, which have been usually considered tol 
referrible to the same age as the Subapenni 
occur in a deposit which was formed entirely in i 
inland lake, surrounded by lofty mountains." 

London clay — Plastic clay. — The inferior r 
of our oldest tertiary formation in England, 
termed the plastic clay, lias hitherto proved as destital 
of mammiferoua remains as our ancient coal sti 
and this point of resemblance between these def 
is the more worthy of observation, because the lig 
in the one case, and the coal in the other, an 
clusively composed of terrestrial plants. From t 
London clay we have procured three or four 
species of testacea, but the only bones of vertebra 
animals are those of reptiles and lish. On coi 
therefore, the contents of these marine strata i 
ihose of our oolitic series, we find the supposed o 
of precedence inverted. In the more ancient systi 
of rocks, mammalia, both of the land and sea, 1: 
been recognized ; whereas in the newer, if negati 
evidence is to be our criterion, Nature has r 
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Ktrc^de, instead of an advancing movement, and no 
(oimalB more (exalted in the ««ale of organization than 

ttptiJes are discoverable. I siiould state, however, that 
Jo a fresh-water formation, resting up<in the London 
'day, b the Isle of Wight, and like it belonging to the 
Eocene epoch, some mammiferous remains have re- 
Wntly been found.* 

Not a single bone of any quadrumanous animal hag 
/aa yet been discovered in a fossil state ; and their 
Bbeence has appeared, to some geologists, to counte- 
'Hnce the idea that the type of organization most 
«arly resembling the Imraao came last in the order 
of creation, and was scarcely perhaps anterior to that 
ofman. But the evidence on this point is (]tiite in- 
tonclugive; for, first, we know nothing, as yet, of the 
J««1b of the various classes of the animal kingdom 
lifaicti may have inhabited the land when the secondary 
Onta were accumulated; and in regard to some of 
tile more modern tertiary periods, the climate does 
lot appear to have been of such a tropical character 
U may have been necessary for the development of 
Ike tribe of apes, monkeys, and allied genera. Besides, 
Itiinuet not be forgotten, that almost all the animals 
rtich occur in subaqueous deposits are such as fre- 
fpeat marshes, rivers, or the borders of lakes, as tlie 
riuDoceros, tapir, hippopotamus, ox, deer, pig, and 
tthersi On the other hand, species wliich live in 
tttet are extremely rare in a fossil state ; and we have 
la data as yet for determining how great a number of 
Ae one kind we ought to find, before we have a right 
Itaexpect a single individual of the other. If, there- 
I fire, we are led to infer, from the presence of crocodiles 

• BDckluid and AU»n, Jameson-s Ed. Phil. Joum. No, 27, 
9>190. Pratt, Froceedinga of Geo]. Soc. No, IS. IB3I. 
L 6 
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and turtles in the London clay, and from the cocoa-nuts 
and spices found in the Isle of Sheppey, that at the 
period when our older or Eocene tertiary strata were 
formed, the climate was hot enough for the quadm- 
manous tribe, we nevertheless could not hope to dis- 
cover any of their skeletons until we had made 
considerable progress in ascertaining what were the 
contemporary Pachydermata ; and a very small number 
of these have, as was before remarked, been hitherto 
discovered in any strata of this epoch in England. 

The result then, of our inquiry into the evidence of 
the successive development of the animal and v^- 
table kingdoms, may be stated in a few words. In 
regard to plants, if we neglect the obscure and 
ambiguous impressions found in some of the oldest 
fossiliferous rocks, which can lead to no safe con* 
elusions, we may consider those which characterize 
the great carboniferous group as the first deserving 
our attention. They are by no means confined to the 
simplest forms of vegetation, as to cryptogamic plants; 
but, on the contrary, belong to all the leading divisions 
of the vegetable kingdom ; some of the more fully 
developed forms, both of the dicotyledonous and mo- 
nocotyledonous class, having already been discovered, 
in the first three or four hundred species brought to 
light: it is therefore superfluous to pursue this part 
of the argument farther. 

If we then examine the animal remains from the 
same group of rocks, we find in one of the lowest 
members, the old red sandstone, skeletons of fish and 
scales of tortoises ; in other words, we have already 
vertebrated animals in the most ancient formation of 
which we can be said to have any accurate paleonto- 
igical laiQwledge. 
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In regard to birds and quadrupeds, their remains 
•re almOBt entirely wanting in marine deposits of 
«iery era, even where interposed fresh-water strata 
contain such fossiig in abundiince, as in the Paris 
buin. The secondary strata of Europe are for the 
tnost part marine, and there is as yet only one instance 
irfthe occurrence of manimiferous fossils in them, four 
wfive individuals having been found in the slate of 
'Stonesfield, a rock unquestionably of the oolitic period, 
and which appears, from several other circumstances, 
to have been formed near the point where some river 
^entered tlie sea. 

I When we examine the tertiary groups, we find in the 
itBocene or oldest strata of that class the remains of a 
Igreat assemblage of the highest or mammiferous class, 
•llof extinct species, and in the Miocene beds, or those 
•fa newer tertiary epoch, other forms, for the most part 
H^lost species, and almost entirely distinct from the 
Eocene tribes. Another change is again perceived, 
then we investigate the fossils of later or Pliocene 
periods. But in this succession of quadrupeds, we 
Duinot detect any signs of a progressive development 
tf organization, or any indication that the Eocene 
hiiDa was less perfect than the Miocene, or this than 
rhaC wili be designated in the fourth book, the Newer 
Hiocene. 

Recent origin of man. — If then there be no solid 
bundation in geological facts for the popular theorjr 
t the successive development of the animal and 
legetable world, from the simplest to the moat per- 
ect forms; it may be asked, whether tlie recent 
irigin of man lends any support to the same doctrine, 
R how far the influence of man may be considered 
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such a deviation from the analogy of the order of 
things previously established, as to weaken our con- 
fidence in the uniformity of the course of nature. 

I need not dwell on the proofs of the low antiquity 
of our species, for it is not controverted by any 
experienced geologist ; indeed, the real difficulty con- 
sists in tracing back the signs of man's existence on 
the earth to that comparatively modem period when 
species, now his contemporaries, began to predominate. 
If there be a difference of opinion respecting the 
occurrence in certain deposits of the remains of man 
and his works, it is always in reference to strata 
confessedly of the most modern order ; and it is never 
pretended that our race co-existed with assemblages 
of animals and plants, of which all or even a great pari 
of the species are extinct. From the concurrent testi- 
mony of history and tradition, we learn that parts of 
Europe, now the most fertile and most completely 
subjected to the dominion of man, were, less than 
three thousand years ago, covered with forests, the 
abode of wild beasts. The archives of nature are in 
perfect accordance with historical records ; and when 
we lay open the most superficial covering of peat, we 
sometimes find therein the canoes of the savage, 
together with huge antlers of the wild stag, or horns of 
the wild bull. In caves now open to the day in 
various parts of Europe, the bones of large beasts of 
prey occur in abundance ; and they indicate that, at 
periods comparatively modem in the history of the 
globe, the ascendancy of man, if he existed at all, had 
scarcely been felt by the brutes.* 

"" Respecting the probable antiquity assignable to certain human 
. and works of art found intermixed with remains of extinct 
ill in seyend localities in France, see Book iii. ch. xiv. 
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^o inhabitant of the land exposes himself to so 
my dangers on the waters as man, whether in a 
vage or a civilized state * ; and tliere ia no animal, 
erefore, whose skeleton is eo Haljle to become im- 
Idded in lacusmne or submarine deposits : nor can it 
e raid that his remains are more perishable than 
koae of other animals ; for in ancient fields of battle, 
I Cuvier has observed, the bones of men have suffered 
I little decomposition as those of horses which were 
[ the same grave.! But even if the more 
tlid parts of our species had disappeared, the impres- 
on of their form would have remained engraven on 
» rocks, as have the traces of the tenderest leaves of 
[Jints, and the integuments of many animals. Works 
if art, moreover,' composed of the most indestructible 
BUerials, would have outlasted almost all the organic 
EMteats of sedimentary rocks. Editices, and even 
B cities, have, within the times of history, been 
baried under volcanic ejections, submerged beneath 
fto sea, or engulphed by earthquakes ; and had these 
EHsstropfaes been repeated throughout an indefinite 
hpw of ages, the high antiquity of man would have 
^Ka inscribed in far more legible charncters on the 
hmework of the globe than are the forms of the 
■Bcient vegetation which once covered the isies of the 
hnhem ocean, or of those gigantic reptiles which at 
bter periods peopled the seas and rivers of the 
BOrthem hemisphere. % 

Ut. Prichard has argued that the human race have 
M always existed on the surface of the earth, because 
"the strata of which our continents are composed 

took Li!, ch. nvi. t I^id. 



283 UNIFORMITY OF THE SYSTEIL 

were once apart of the ocean's bed" — "mankind 
ft begianing, since we can look back to the peril 
when the surface on which they lived began to exist."* 
This proof, bowever, is insufficient, for many thousaodl 
of human beings now dwell in various quarters of tb» 
globe wiiere marine species lived within the times rf 
history, and, on the other hand, the sea now previtU' 
permanently over large districts once inhabited 1^ 
thousands of human beings. Nor can this interchange 
of sea and land ever cease while the present cauMf 
are in existence. A terrestrial species, therefore, n>^ 
be older than the continents whicb it inhabits, us 
aquatic animals and plants may be of higher antiqui^ 
than the lakes and seas which they people. ll 

Doctrine of siaxessive development not confirmed if\ 
the admiision that man is of modern origin. — It it ■) 
other grounds that we arc entitled to infer that mw 
is, comparatively speaking, of modem origin ; nw 
if this be assumed, we may then ask whether hi§ irf 
troduction can be considered as one step in a progrcv 
aive system by which, as some suppose, the orguiC 
world advanced slowly from a more simple to a mow' 
perfect state ? In reply to this question, it should M' 
be observed that the superiority of man depends notA 
those faculties and attributes which he shares in coo* 
mon with the inferior animals, but on his reason, bf , 
which he Is distinguished from them. When it is ali" 
that the human race is .of far higher dignity than wot' 
ftny pre-existing beings on the earth, it is the iiitt)> 
lectual and moral attributes only of our race, not I)n 
animal, which are considered; and it is by no loetH 
clear, that the organization of man is such 

• PiijB. HisL of Mankind, vol. i>. p. 594. 




fer a decided pre-eminence u|ian him, if, in place 
his reasoning powers, he was merely provided with 
:h inscincts as are possessed by the lower animals. 
If this be admitted, it would by no means follow, 
m if there had been sufficient geological evidence 
favour of the theory of progressive development, 
It the creation of njan was the last link in the same 
tin. For the sudden passage from an irrational to a 
ional animal is a phenomenon of a distinct kind from 
: passage from the more simple lo the more perfect 
ms of animal organization and instinct. To pretend 
It such a step, or rather leap, can be part of a 
^ular series of changes in the animal world, ig to 
rain analogy beyond all reasonable bounds, 
Introduction of nian lo what extent a change in the 
Am. — But setting aside the question of pTogreBsive 
rrelopment, another and a far more diificuit one 
^ arise out of the admission that man is compara- 
rely of modern origin. Is not the interference of 
e human species, it may be asked, such a deviation 
Mn the antecedent course of physical events, that the 
Mwledge of such a fact tends to destroy all our con- 
fence in the uniformity of the order of nature, both 
■ regard to time past and future ? If such an innova- 
Bi could take place after the earth had been exclii- 
rety inhabited for thousands of ages by inferior 
•unals, why should not other changes as extra- 
idinary and unprecedented happen from time to 
OM? If one new cause was permitted to superrene, 
fetng in kind and energy from any before in oper- 
lioa, why may not others have come into action at 
Herent epochs ? Or what security have we that 
ley may not arise hereafter? And if such be the case, 
aw can the experience of one period, even though 
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we are acquainted with all the possible effects of the 
then existing causes, be a standard to which we can 
refer all natural phenomena of other periods ? 

Now these objections would be unanswerable, if 
adduced against one who was contending for the abso- 
lute uniformity throughout all time of the succession 
of sublunary events — if, for example, he was disposed 
to indulge in the philosophical reveries of some £gyp« 
tian and Greek sects, who represented all the changes 
both of the moral and material world as repeated at 
distant intervals^ so as to follow each other in their 
former connexion of place and time. For they com- 
pared the course of events on our globe to astro- 
nomical cycles; and not only did they consider all 
sublunary affairs to be under the influence of the celes- 
tial bodies, but they taught that on the earth, as well 
as in the heavens, the same identical phenomena re- 
curred again and again in a perpetual vicissitude. The 
same individual men were doomed to be re-bom, and 
to perform the same actions as before ; the same arts 
were to be invented, and the same cities built and de- 
stroyed. The Argonautic expedition was destined to 
sail again with the same heroes, and Achilles with 
his myrmidons to renew the combat before the walls 
of Troy. 

Alter erit turn Tiphys, et altera quae vehat Argo 

Dilectos heroas : erunt etiam altera bella, 

Atque iterum ad Trojam magnus mittetur Achilles.* 

The geologist, however, may condemn these tenets 
as absurd, without running into the opposite extreme, 

* Virgil, Eclog. iv. For an account of these doctrines, see 
Dugald Stewart's Elements of the Philosophy of the Human 
~ find, vol. ii. chap. ii. sect. 4. and Frichard*s Egypt, Mythol. 

1-77. 
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^Pl^niat the order of uature has, from the 
1 periods, been uniform la the same eense in 
we believe it to be uniturm at present, and 
it to remain so ii) future. We have no reason 
pose, that when man first became master of a 
lart of the globe, a greater change took place in 
rsical condition than is now experienced when 
:s, neyer before inhabited, become successively 
ed by new settlers. When a powerful European 
lands on the shores of Australia, and introduces 
e those arts which it has required many cen- 
to mature ; when it imports a multitude of plants 
rge animals from the opposite extremity of the 
and begins rapidly to extirpate many of the io- 
as species, a mightier revolution is effected in a 
eriod than the first entrance of a savage horde, 
r continued occupation of the country for many 
ie>i can possibly be imagined to have produced. 
ebeno impropriety in assuming that the system 
arm when disturbances so unprecedented occur 
tain lociUities, we can with much greater coo- 
! apply the same language to those primeval 
hen the aggregate number and power of the 
I race, or the rate of their advancement in civil- 
, must be supposed to have been far inferior. 
Koning on the state of the globe immediately 
our species was called into existence, we must 
ded by the same rules of induction as when we 
ate on the state of America in the interval that 
il between the introduction uf man into Asia, the 
ed cradle of our race, and the arrival of the first 
iurera on the shores of the New World. In that 
il, we imagine the state of things to have gone 
ording to the order now observed in regions un- 
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occupied by man. Even now, ilie waters of li 
seas, anil the great ocean, wtiich teeni with life, 
be Baid to have no immediate relation to the liui 
race — to be portions of the terrestrial system of i 
man has never taken, nor ever can take, possei 
BO that tbe greater part of the inhabited surface of) 
planet remains still as insensible to our preseni 
before any islij or continent was appointed to be 
residence. 

If the barren soil around Sidney had at once 
fertile upon tbe landing of our first settlers; 
the happy isles whereof the poets have given 
glowing descriptions, those sandy tracts 1 
yield spontaneously an annual supply of graiot 
might then, indeed, have fancied alterations still 
remarkable in the economy of nature to have 
the first coming of our species into the planet. OB 
when a volcanic island like Ischia was, for the '. 
time, brought under cultivation by the enterprise 
industry of a Greek colony, the internal fire 
become dormant, and the oarth<]uake had remitted 
destructive violence, there would then have been i 
ground for speculating on the debilitation of the 
terranean forces, when the earth was first 
under the dominion of man. But after a long iaU 
of rest, tiie volcano bursts forth again with rene 
energy, annihilates one half of the inhabitants, 
compels the remainder to emigrate. The coursw 
nature remains evidently unchanged ; and, in 
manner, we may suppose the general condition of 
globe, immediately before and after the period *I 
our species first began to exist, to have been the 
with the exception only of man's presence. 

The modifications in the system of which D 
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te instniraent, do not, in all probability, constitute so 
■at a. deviation from analogy as we usually imagine: 
( often, for example, form an exaggerated estimate 
the extent of our power in extirpating some of the 
knot animals, and causing others to multiply ; a 
rtfer which is circumscribed within certain limits. 
1 which, in all likelihood, is by no means excluBively 
irted by our species.* The growth of human 
mlation cannot take place without diminishing the 
or causing the entire destruction, of many 
limals. The larger carnivorous species give way 
us, but other quadrupeds of smaller size, and 
inimerable birds, insects, and plants, which are ini- 
Scal to our interests, increase in spite of us, some 
aeking our food, others our raiment and persons, 
i others interfering with our agricultural and horti- 
tural labours. We behold the rich harvest which 
have raised with the sweat of our brow devoured by 
riails of insects, and are otlcn as incapable of arrest- 
J their depredations, as of staying the shock of an 
'thquake, or the course of a stream of lava. 
4 great philosopher has observed, that we can only 
Dmand nature by obeying her laws; and this prinr 
Ite is true even in regard to the astonishing changes 
ich are superinduced in the qualities of certain 
tatis and plants by domestication and garden cul- 
e. We shall point out in the third book that we can 
y effect such surprising alterations by assisting the 
relopment of certain instincts, or by availing our- 
res of that mysterious law of their organization, by 
Idi individual peculiarities are transmissible from 
; generation to another. -f- 

• See Book iii. eh. ii. t Id. cli. iii- 
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It is probable from these, and many other consider- 
ations*, that as we enlarge our knowledge of the 
system, we shall become more and more convinced, 
that the alterations caused by the interference of man 
deviate far less from the analogy of those effected by 
other animals than we usually suppose. We are often 
misled, when we institute such comparisons, by oar 
knowledge of the wide distinction between the instincts 
of animals and the reasoning power of man ; and we 
are apt hastily to infer, that the effects of a rational 
and an irrational species, considered merely as physical 
agents, will differ almost as much as the faculties bj 
which their actions are directed. 

I am not, however, contending that a real departure 
from the antecedent course of physical events cannot 
be traced in the introduction of man. If that latitude of 
action which enables the brutes to accommodate them- 
selves in some measure to accidental circumstances, 
could be imagined to have been at any former period 
so great, that the operations o£ instinct were as much 
diversified as are those of human reason, it might, 
perhaps, be contended, that the agency of man did not 
constitute an anomalous deviation from the previously 
established order of things. It might then have been 
said, that the earth's becoming at a particular period 
the residence of human beings, was an era in the 
moral, not in the physical world — that our study and 
contemplation of the earth, and the laws which govern 
its animate productions, ought no more to be con- 
sidered in the light of a disturbance or deviation from 
the system, than the discovery of the satellites of 
Jupiter should be regarded as a physical event affec{- 

* See Book iil. chapters ▼. vi. yii. and ix. 
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heavenly bodies. Their influence in ad- 

ihciag the progregs of science among men, and in 

navigation and commerce, waa accompanied by 

reciprocal action of the human mind upon the 

onoroy of nature in those distant planets ; and bo 

e earth might be conceived to have become, at a 

in period, a place of moral discipline, and intel- 

iprovement to man, without the slightest 

;ement of a previously existing order of change 

aimate and inanimate productions. 

e distinctness, however, of the human from all 

q)ecies, considered merely as an efficient cause 

! physical world, is real ; for we stand in a relation 

smporary species of animals and plants widely 

Irom that which other irrational animals can 

supposed to have held to each other. We 

their instincts, relative numbers, and geo- 

distribution, in a manner superior in degree, 

ae respects very dilTcrent in kind, from tltat 

any other species can affect the rest. Be- 

progressive movement of each successive 

ition of men causes the human species to differ 

itself in power at two distant periods, than 

one species of the higher order of animals dlfiers 

another. The establishment, therefore, by geo- 

Hical evidence of the first intervention of such a 

liar and unprecedented agency, long after other 

of the animate and inanimate world existed, 

ground for concluding that the experience 

tliousands of ages of all the events which may 

on this globe would not enable a philosopher 

jlate with confidence concerning future con- 

i then an intelligent being, after observing the 



i 
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order of events for an indetinUe series of ages, 1 
witnessed at last so wonderful an innovation as t 
to what extent would liis belief in the regularity ol 
Eystcm be weakened? — would he cease to ass 
that there was permanency in the laws of nature?- 
would he no longer be guided in his apeculat 
the strictest rules of induction ? To these questioi 
may be answered, that had he previously p 
dogmatize respecting the absolute uniformity of 4 
order of nature, he would undoubtedly be chec 
by witneasing this new and unexpected event, i 
would form a more just estimate of the lim 
range of liis own knowledge, and the unbounded « 
tent of the scheme of the universe. But he » 
soon perceive that no one of the fixed s 
laws of the animate or inanimate world was subvefl 
by human agency, and that the modifications prodjCI 
were on the occurrence of new and extraordinary dl 
cum^tances, and those n«t of a physical but a n 
nature. The deviation permitted would also 
to be as slight as was consistent with the accom|dU 
ment of the new moral ends proposed, and t 
great degree temporary in its nature, so that whene* 
the power of the new agent was withheld, even ft 
brief period, a relapse would take place ti 
state of things ; the domesticated animal, for eKamj 
recovering in a. few generations its wild instinct, I 
the garden-flower and fruit-tree reverting to the t 
nees of the parent stock. 

Now, if it would be reasonable to draw such infeh 
ences with respect to the future, we cannot but applj 
the same rules of induction to the past. We have no 
right to anticipate any modili cations in the resulta of 
existing causes in time to come, which are not con- 
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tfimnable to analogy, unless they be produced by the 
^ogressive development of human power, or perhaps 
t^ tome other new relatioiis whkli may liereafter 
ipring up between the moral and muCeriol worlds. In 
Aeiame manner, when we speculate on the vicissituiIeB . 
^i the animate and inanimate creation in former ages, 
9e ought not to look for any anomalous results, unless 
^bere man has interfered, or unless clear indications 
J^iear of some other moral source of temporary de- 
Wigement. 

For the discussion of other popular objections ad- 
Mnced against the doctrine of the identity of the 

It and modern causes of change, especially those 
ifaiDded on the supposed suddenness of general catas- 
Vopbes, and the transition irom one set of organic 

ns to another, I must refer the reader to the 
'hh Book. In the mean tiine, when difficulties arise 
interpreting the monuments of the past, I deem it 
fflore consistent with philosophical caution to refer 
ftem to our present ignorance of all the existing 

s, or ali their possible effects in an indefinite 
k^e of time, than to causes formerly in operation, 
kit which have ceased to act ; and if in any part of 
fiit globe the energy of a cause appears to have 
fkcreased, I consider it more probable that the diroi- 
^tion of intensity in its action is merely local, than 
its force is impaired throughout the whole globe, 
^t should there appear reason to believe that certain 
IgentB have, at particular periods of past time, been 

potent instruments of change over the entire 
.f/trSatx of the earth than they now are, it is stiU more 
imsistent with analogy to presume, that alter an 
1mf!i^&l °f quiescence they will recover their pristinQ 
vigour, than to imagine that they are worn out. 

VOL. I. M 
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The geologist who assents to the truth of i 
principles will deem it incumbent on him ti 
with minute attention all the changes now i 
on the earth, and will regard every fact collect 
respecting the causes in diurnal action as afford! 
him a key to the interpretation of some mystery it 
tlie archives of remote ages. His estimate of t 
value of geological evidence, and his interest in t 
investigation of the earth's history, will depend e 
tirely on the degree of confidence which lie feels ii 
regard to the permanency of the great causes ( 
change. Their constancy alone will enable him t 
reason from analogy, and to arrive, by a comparisoi 
of the state of things at distinct epochs, at the know 
ledge of the general laws which govern the econom 
of our system, 

The uniformity of the plan being once aasumei 
events which have occurred at the most distant periodf 
in the animate and inanimate world will be acknoW' 
ledged to throw light on each other, and the de6cien<^ 
of our intbrmation respecting some of the most obscure 
parts of the present creation will be removed. Forai^ 
by studying the external configuration of the existing, 
land and its inhabitants, we may restore in imaginatioa 
the appearance of the ancient continents which have 
passed away, so may we obtain from the deposits a 
ancient seas and lakes an insight into the nature of tb 
subaqueous processes now in operation, and of mair 
forms of organic life, which, though now existing 
arc veiled irom sight. Rocks, also produced by sut] 
terranean fire in former ages at great depths in tb 
bowels of the earth, present us, when upraised b[ 
gradual movements, and exposed to the light of heavei 
'"ith an Image of those changes which the deep-seaiai 
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vdcanoiiia7]iowoocasioDmtheiieUierregion& Thus;« 
althougfa we are mere sojooniers on the sur^kce of the 
planet, diained to a mere point in ^Hce, enduring but 
for a moment of time, the human mind is not only 
eniMed to numba* worlds beyond the unassisted ken 
of mortal eye, but to trace die events of indefinite 
ages before the creation of our race, and is not even 
withheld from penetratii^ into the dark secrets of 
the ocean, or the interior of the solid ^obe ; free, like 
the spirit which the poet described as animating the 
universe. 



ireper omnes 



Terrasque, tractusque maris, ccelumque proftindum. 
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BOOK II. 



CHANGES OF THE INORGANIC WORLD. 



Part I. — Aqueous Causes. 

CHAPTER I. 

Division of the subject into changes of the organic and inorgaiiic 
world — Inorganic causes of change divided Into aqueous and 
igneous — Aqueous causes first considered — Destroying and 
transporting power of running water — Sinuosities of rivers — 
Two streams when united do not occupy a bed of double sur- 
face — Heavy matter removed by torrents and floods — Recent 
inundations in Scotland — Effects of glaciers and ic^>ergs in 
removing stones —- £rosion of chasms through hard rocks — 
Excavations in the lavas of Etna by Sicilian rivers — Gorge of 
the Simeto — Gradual recession of the cataracts of Niagara. 

Division of the subfect, — Geology was defined to be 
the science which investigates the former changes 
that have taken place in die organic, as well as in the 
inorganic kingdoms of nature ; and we may next pro- 
ceed to inquire what changes are now in progress 
in both these departments. Vicissitudes in the in- 
organic world are most apparent ; and as on them all 
fluctuations in the animate creation must in a great 
measure depend, they may claim our first consideration. 
The great agents of change in the inorganic world 
may be divided into two principal classes, the aqueous 
and the igneous. To the aqueous belong Riv^v, 
Torrents, Springs, Currents^ and Tides ; to the igneous, 
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Volcanos and Earthquakes. Botli these classes are 
instruments of decay as well as of reproduction ; but 
they may be also regarded as antagonist forces. For the 
aqueous agents are incessantly labouring to reduce the 
inequalities of the earth's surface to a level ; while the 
igneous are equally active in restoring the unevenness 
of the external crust, partly by heaping up new 
matter in certain localities, and partly by depressmg 
one portion, and forcing out another, of the earth's 
envelope. 

It is diiScuIt, in a scientific arrangement, to give an 
jux:urate view of the combined effects of so many 
iforceB in simultaneous operation; because, when we 
consider them separately, we cannot easily estimate 
either the extent of their efficacy, or the kind of 
results which they produce. We are in danger, there- 
fore, when we attempt to examine the influence es- 
erted singly by each, of overlooking the modifications 
which they produce on one another; and these are so 
complicated, that sometimea the igneous and aqueous 
forces co-operate to produce a joint effect, to which 
neither of them unaided by the other could give rise, 
— as when repeated earthquakes unite with running 
crater to widen a valley ; or when a thermal spring 
rises up from a great depth, and conveys the mineral 
ingredients with which it is impregnated from the 
interior of the earth to the surfece. Sometimea the 
I organic combine with the inorganic causes ; as when a 
<reef, comported of shells and corals, protects one line 
■of coast from the destroying power of tides or currents, 
'and turns them against some other point; or when 
'drift timber, floated into a lake, fills a hollow to which 
. the stream would not have had sufficient velocity to 
convey earthy sediment. 

-M 3 
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It is necessary, however, to divide our observatiml 
on these various causes, and to classify them syst* 
atically, endeavouring as much as possible to keep h 
vievr that the effects lu nature are mixed, and 
simple, as they may appear in an artificial arrangemeHI 

In treating, in the first place, of the aqueous cai 
we-may consider them under two divisions : first, tk 
whicli are connected with the circulation of water fi 
the land to the sea, under which are included all 
phenomena of rivers and springs; secondly, those wMd 
arise from the movements of water in lakes, seas, andd 
ocean, vfherein are comprised the phenomena of tiA 
and currents. In turning our attention to the fomil 
division, we find that the effects of rivers may be Ml 
divided into those of a destroying and those of a H 
novating nature. In the destroying class are includl 
the erosion of rocks, and the transportation of mattl 
to lower levels ; in the renovating, the formation * 
sand-bars and deltas, the shallowing of seas, &c. 

Action of running water. — I shall begin, tiien, K 
describing the destroying and transporting power' 
running water, as exhibited by torrents and rivers. \ 
is well known that the lands elevated above the ■ 
^ttract, in proportioo to their volume and densitr, 
larger quantity of that aqueous vapour which dii' 
heated atmosphere continually absorbs from the siff* 
face of lakes and the ocean. By these means, the 
higher regions become perpetual reservoirs of water, 
which descend and irrigate the lower valleys and 
plains. In consequence of this provision, almost all 
the water is first carried to the highest regions, and is 
then made to descend by steep declivities towards the 
sea; so that it acquires superior velocity, and removes 
a greater quantity of soil, than it would do if the rain 
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had been distributed over the plains and mountains 
equally in proportioa to their relative areas. Almost 
all tiie water is also made by these means to pass 
over the greatest distances which each region affords, 
before it can r^in the sea. The rocks also, in the 
higher regions, are particularly exposed to atmo- 
^heric influences, to frost, rain, and vapour, ani to 
great annual alternations of cold and heat, of moisture 
and desiccation. 

Its destroying aiut transporting power. — Among the 
most powerful agents of decay may be mentioned that 
property of water which causes it to expand during 
congelation. When water has penetrated into crevices, 
it rends open, on freezing, the most solid rocks with 
the mechanical force of a lever ; and for this reason, 
although in cold climates the comparative quantity of 
rain which falls is very inferior, and although it de-. 
scends more gradually than in tropical regions, yet the 
' severity of frost, and the greater inequalities of temper- 
Uure, compensate in some degree for this diminished 
source of degradation. Tlie solvent power of water 
alao is very great, and acts particularly on tiie cal- 
careous and alkaline elements of stone, especially when 
it holds carbonic acid in solution, which is abundantly 
supplied to almost every large river by springs, and 
is collected by rain from the atmosphere. The oxy- 
gen of the atmosphere isalso gradually absorbed by all 
animal and vegetable productions, and by almost all 
mineral masses exposed to the open air. It gradually 
destroys the equilibrium of the elements of rocks, and 
tends to reduce into powder, and to render fit for soils, 
even the hardest aggregates belonging to our gid 

* Sir H. Da-^y, ConsolalionB in Travel, p. ST, 
M 4 



When earthy matter has once been intermixed w 
running water, a new mechanical power is obtained] 
the attrition of sand and pebbles, borne along ir 
violence by a stream. Running water charged w 
foreign ingredients being thrown against a rock, I 
cavates it by mechanical force, sapping and und 
raining till the superincumbent portion is at lengl 
precipitated into the stream. The obstruction 
a temporary increase of the water, which then ene^ 
down the barrier. 

SimiositiesofRiv^s. — By a repetition of these lani 
slips, the ravine is widened into a small, narrow vallq 
in which sinuosities are caused by the deflexion of ll 
stream first to one aide and then to the other. ^ 
unequal hardness of the materials through which fl 
channel is eroded, tends partly to give new directu 
to the lateral force of excavation. When by thes^'i 
by accidental shifYings of the alluvial matter in t 
channel, and numerous other causes, the current' 
made to cross its general line of descent, it eats <ra 
curve in the opposite bank, or in the side of the ll 
bounding the valley, from which curve it is tuni 
back again at an equal angle, so that it recrossea I 
line of descent, and gradually hollows out another CB 
lower down in the opposite bank, till the whole s 
of the valley, or river-bed, present a succession if 
salient and retiring angles. Among the causes of 
deviation from a straight course by which torrents and 
rivers tend in mountainous regions to widen the valien 
through which they flow, may be mentioned the cOH 
fluence of lateral torrents, swollen irregularly at difl 
ferent seasons by partial storms, and discharging dl 
different times unequal quantities of debris into Om 
main channel. 
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Wlien the tortuous flesures of a river are 
tremely fjreat, the aberration from the direct line of 
descent is often restored by the river cutting through 
the isthmus which separates two neighbouring cui 
Thus, in the annexed diagram, the extreme sinuosity of 




the river has caused it to return for a brief space in a 
contrary direction to its main course, so that a penin- 
sula is formed, and tlie isthmus (at u) is consumed on 
both sides by currents flowing in opposite directions. 
In this case an island is soon formed, — on either side 
of which a portion of the stream usually remains.' 
These windings occur not only in the channels of rivers, 
flowing like the Mississippi through flat alluvial plains, 
but large valleys also are excavated to a great depth 
through solid rocks in this serpentine form. In the 
valley of the Moselle, between Berncastle and Roarn, 
which is sunk to a depth of from six to eight hundred 
feet through an elevated platform of transition rocks, 
the curves are so considerable that the river returns 
after a course of seventeen miles in one instance, and 
nearly as much in two others, to within a distance of 
a few hundred yards of the spot it passed before.+ 
The valley of the Meuse, near Givet, and many other* 

* Se« B Paper on the Excavation of Valleys, &c. bf O. Poutett . 
Scrape, Esq. Trocecding? of Geol, Soc. No. 14., 1830. 
t Ibid. 
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in different countries, offer similar windings. Mr. 
Scrope has remarked, that these tortuous flexures are 
decisively opposed to the hypothesis, that any violent 
and transient rush of water euildeoly swept out aucb 
valleys; for great floods would produce straight cbsB- 
nels in the direction of the current, not sinuous ex- 
cavations, wherein rivers flow back again in an opposite 
direction to their general line of descent. 

I cannot however accede to the doctrine that the 
valleys of the Meuse and Moselle above alluded to 
were formed simply by river action ; believing them, 
like many other deep valleys of a similar form, to 
have been principally due t^ marine currents, which 
acted throughout a great lapse of ages during the 
gradual elevation of the country.* , 

JVamporting power of water. — In regard to the 
transporting power of water, we often feel surprise it 
the facility with which streams of a small size, and 
descending a slight declivity, bear along coarse said 
and gravel ; for we usually estimate the weight rf 
rocks in air, and do not reflect sufficiently on their 
comparative buoyancy when submerged in a deiuer 
fluid. The speciSc gravity of many rocks is not more 
than twice that of water, and very rarely more than 
thrice, so that almost all the fragments propelled by a 
stream have lost a third, and many of them half) ol' 
what we usually term their weight. 

It has been proved by experiment, in contradiction 
to the theories of the earlier writers on hydrostatics, to 
be a universal law, regulating the motion of running 
water, that the velocity at the bottom of the stream \» 
every where less than in any part above it, and is 

• For remarltl on tlie Talley of tlie Meusc, new St. Mlhid, 
alluded to in this plate in a former edition, see Book ii. Ch. la 
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greatest at the surface. Also, that the superficial 
particles in the mJilcUe of the stream move swifter 
ihaa those at the sides. This retardation of the low- 
Miand lateral currents is produced by friction; and 
when \he velocity is sufficiently great, the soil com- 
poaing the sides and bottom gives way. A velocity 
of three inches per second at the bottom is ascertained 
to be fiufficient to tear up fine clay, — six inches per 
ucond, fine sand, — twelve inches per second, fine 
gravel, — and three feet per second, stones of the size 
rfanegg." 

When this mechanical power of running water is 

considered, we are prepared for the transportation of 

large quantities of gravel, sand, and mud, by the 

torrents and rivers which descend with great velocity 

fram mountainous regions. But a question naturally 

vises, how the more tranquil rivers of the valleys 

tnd plains, flowing on coniparatively level ground, 

ifxa remove the prodigious burden which is discharged 

iinto them by their numerouB tributaries, and by what 

nieans they are enabled to convey the whole mass to 

■Ae sea. If they had not this removing power, their 

ohannels would be annually choked up, and the lower 

mlleys and districts adjoining mountain-chains would be 

ffiDDtiDually strewed oTer with fragments of rock and 

'itterile sand. But this evil is prevented by a general 

law regulating the conduct of running water — tliat two 

' equal streams do not, when united, occupy a bed of 

'<A)ubIe surface. In other words, when several rivers 

^^niite into one, the superficial area of the fluid mass is 

iri&r less than that previously occupied by the separate 

jMreams. The collective waters, instead of spreading •! 

r " Encyd. Brii. — art. RWers. ■ 

^ i 
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themselves out over a larger horizontal Bpace, contn 
themselves into a column of whicli the height il'l 
greater relatively to its breadth : hence a Bmaller pr# J 
portion oF the whole is retarded by friction s 
the bottom and sides oF the channel. In this manner J 
the main current is often accelerated in the lowi 
country, even where the slope of the channel tt ] 
lessened. 

It not unfrcqucntly happens, as will be after 
demonstrated by examples, that two large rivers, a' 
their junction, have only the surface which oi 
had previously ; and even in some cases then* unititd 
waters are confined in a narrower bed than each rf ' 
them filled before. By this beautiful adjustment, the 
water which drains the interior country is made cor- 
tinualiy to occupy less room as it approaches the sea; 
and thus the must valuable part of our continents, the 
rich deltas, and great alluvial plains, are prevented 
from being constantly under water,* 

Floods in Scol/and, 1829. — Many remarkable illus- 
trations of the power of running water in moviog 
stones and heavy materials were atforded by the storni 
and flood which occurred on the 3d and ^th of Augnit, 
1829, in Aberdeenshire and other counties in Scotland. 
The elements during this storm assumed all the cha- 
racters which mark the tropical hurricanes ; the wind 
blowing in sudden gusts and whirlwinds, the lightning 
and thunder being such as is rarely witnessed in oar I 
climate, and heavy rain frilling without intermissiML 
The floods extended almost simultaneously, and with 
equal violence, over that part of the north-east of 
Scotland which would be cut off by two lines drawn 
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(bead of Lochrannoch, one towards Inverness 
I niAe other to Stonehaven. The united line of the dif- 
fcrant rivers which were flooded could not be less than 
i banfive to six hundred mileg in length; and the whole 
:s were marked by the destruction of 
^roads, crops, and buildings. Sir T. D. Lauder 
I the destruction of thirty-eight bridges, 
tad Qie entire obliteration of a great number of farms 
and hamlets. On the Nairn, a fragment of sand- 
slone, fourteen feet long by three feet wide and one 
hot thick, was carried above two hundred yards down 
Some new ravines were formed on the 
(ides of mountains where no streams had previously 
flowed, and ancient river-cliaonels, which had never 
been filled from time immemorial, gave passage to a 
Odious flood." 

. The bridge over the Dee at Bnllatu consisted of five 
arches, having upon the whole a water-way of 2G0 
feet. The bed of the river, on which the piers rested, 
^as composed of rolled pieces of granite and gneiss. 
The bridge was built of granite, and had stood un- 
.^jured for twenty years ; but the different parts were 
jiwept away in succession by the flood, and the whole 
ipass of masonry disappeared in the bed of the river.f 
V The river Don," observes Mr. Farquharson, in hii 
(.account of the inundations, " has upon my own pre- 
3 forced a mass of four or five hundred tons of 
^■UMies, many of them two or three hundred pounds 
.weight, up an inclined plane, rising six feet in eight 
i«r ten yards, and led them in a rectangular heap, 

• Sir T. D. Laudfr's Account of thu Great Flooiis in Moray- 
ihire, Aug. 13S9. 

t Froni Ihe acrounl giten by the Hev. James Fanjulmrson, in 
Uw ftuirterly Jouni. of Science, Ic. No. lii. Nc Serira, p. 9SB. 
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about three feet deep, on a. flat ground; — the hof 
ends abruptly at Us lower estreinity."* 

The power even of a small rivulet, when swoId bf 
rain, in removing heavy bodies, was lately exemplifiid 
in the College, a small stream which flows at a modt^ 
rate declivity from the eastern water-shed of tlu 
Cheviot- Kills. Several thousand tons' weight of gravel' 
and sand were transported to the plain of the Till, and 
a bridge then in progress of building was carried aw^, 
some of the arch-stones of which, weighing from 
to three quarters of a ton each, were propelled t*l 
miles down the rivulet. On the same occasion, tb< 
current tore away from the abutment of a mill-dain4 
large block of greenstone- porphyry, weighing neuif 
,wo tons, and transported it to the distance 
quarter of a mile. Instances are related as occurring 
epeatedly, in which from one to three thousand KM 
of gravel are, in like manner, removed by this streunlet 

great distances in one day.f 

In the cases above adverted to, the waters of 

'er and torrent were dammed back by the bridgMr 
which acted as partial barriers, and illustrate the in«> 
sistible force of a current when obstructed. BridgM 
are also liable to he destroyed by the tendency of riven 
to shift their course, whereby the pier, or the mA 
on which the foundation stands, is undermined. 

When we consider how insignificant are the voltuoe 
and velocity of the rivers and streams in our idasA 
when compared to those of the Alps and other lof^ 
chains, and how, during the successive changes whid 



• Quarterly Journ. of Sci. &e. No. lii. Now Series, p. 331. 
t See ft pupet by Mr. Culley, F.G.S. Proceedings of GmI 
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of various districts have undergone, the 
ies which give rise to floods must have 
been multiplied, we may easily conceive that the 
fiuitity of loose superficial matter distributed over 
imype must be considerable. That tlie position also 
rf a great portion of these travelled materials should 
DOW appear most irregular, and shouhl ot^en bear do 
rebtion to the existing water-drainage of the country, 
iianecessary consequence, as we shall afterwards see, 
oTlhe conibiued operations of running water and sub- 
terranean movements. 

Effects of ice in removing stoTies. — In mountainous 
rq^ons and high northern latitudes, the moving of 
heavy stones by water is greatly assisted by the ice 
which adheres to them, and which, forming together 
with the rock a mass of less specific gravity ", is readily 
borne along. The snow which falls on the summits of 
the Alps throughout nine months of the year is drifted 
into the higher valleys, and being pressed downward 
by its own weight, forms those masses of ice and snow 
called glaciers. Large portions of these oflcn descend 
mto the lower valleys, where they are seen in i 
midst of forests and green postures. The mean depth 
of the glaciers descending from Mont Blanc is from 
80 to 100 feet, and in some chasms is seen to amount 
to 600 feetf Tlie surface of the moving mass 
usually loaded with sand, and large stones, derived 
ftom the disintegration of the surrounding rocks acted 
upon by frost. These transported materials are gener- 
ally arranged in long ridgea or mounds, sometimes SO 
or 40 feet high. They are often two, three, or even 



■ Silliman'a Journal, No. ixi. p. SOS. 
■f SBuSBure, Vof . dam lea Alpea, torn. i. 
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more in Dumber, like so many lines of iDtrencluneB 
and consist of the debris which have been brought ^ 
by lateral glaciers. The whole accumulation is callci 
in Switzerland *' the moraine." Being slowly cosveyei 
to inferior valleys, it is there thrown down, when the 
snow and ice melt, upon tiie plain, where the iargcf 
blocks remain, and the smaller are swept away by tl 
stream to which the melting of the ice gives rii 
This stream flows along the bottom of each glacL 
issuing from an arch at its lower extremity, 

In nortliern latitudes, where glaciers descend in 
valleys terminating in the sea, great masses of ii 
on arriving at the shore, are occasionally detache 
and floated off together with their " moraine." Th 
currents of the ocean are then oflen iostrumenti 
in transporting them to great distances. ScoresI^ 
counted 500 icebergs drifting along in latitude 6 
and 70° north, which rose above the surface irora tlM 
height of one to two hundred feet, and measured ft 
a few j-ards to a mile in circumference. Many j 
these contained strata of earth and stones, or t 
loaded with beds of rock of great thickness, of whic 
the weight was conjectured to be from fifty thousaa 
to one hundred thousand tons. Such bergs must bf 
of great magnitude ; because the mass of ice belin( 
the level of the water is between seven and eigl^ 
times greater than that above. Wherever they i 
dissolved, it is evident that the " moraine" will fall U 
the bottom of the sea. In this manner may subn|| 
marine valleys, mountains, and platforms become^ 
strewed over with scattered blocks of foreign rock, of j 
a nature perfectly dissimilar from all in the vicinity,'j 



" Voyage in 1823, p. 233. 
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Hd wTiicli may have been transported across ud- 
^IfiDinable abysses. We have before stated, that 
wte ice islands have been known to drift from Baffin's 
My to the Azores, and from the Soutii Pole to the 
raiediate neighbourhood of the Cape of Good Hope.* 
^^Eeavationqfroe^sln/ runmng water. — The rapidity 
Ah which even the smallest streams hallow out deep 
Atends in soft and destructible soils is remarkably 
EKemplified in volcanic countries, where the sand and 
ndf-consolidated tuff's oppose but a slight resistance to 
torrents which descend the moan tain- side. After 
he heavy rains which followed the eruption of Vesuvius 
iJl822, the water flowing from the Atrio del Cavallo 
in three days, a new chasm through strata of tuff 
ejected volcanic matter to the depth of twenty-five 
feet I found tlte old mule-road, in 1S2S, intersected 
ly this new ravine. 

^e gradual erosion of deep chasms through some 
rf the hardest rocks, by the constant passage of run- 
idBg water charged with foreign matter, is another 
phenomenon of which striking examples may be ad- 
duced. Illustrations of this excavating power are 
{resented by many valleys in Central France, where 
tile channels of rivers have been barred up by solid 
GOlTentB of lava, through which the streams have re- 
BCavated a passage to the depth of from twenty to 
Wenty feet and upwards, and often of great width. 
Id these cases there are decisive proofs that neither 
Aesea nor any denuding wave, or extraordinary body 
df water, has passed over the spot since the melted 
l»ia was consolidated. Every hypothesis of the in- 
tervention of sudden and violent agency is entirely ex- 

' For farlher remark? on the traiiipotling power of glaciers, see 
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eluded, because the cones of Ioom scorite, out of vhldl 
the lava^ flowed, are oftentimes at no great elevati—^ 
above the rivers, and have remained undisturtd 
during the whole period which has been sutGcient !ik, 
the hollowing out of such enormous ravines. * 

Recent excavation by tfte Simeto. — But I shall at pT 
sent confine myself to examples derived from even 
which have happened since the time of history. SoW 
lavas of Etna, produced by eruptions of which the diti 
is known, have flowed across two of the principal rivMt 
in Sicily; and in both cases the streams, dispossesUl 
of their ancient beds, have opened for themselves n 
channels. An eruption from Mount Mojo, an insulattl 
cone at the nortliern base of Etna, sent forth, in ^ 
year 396 s.c, in the reign of Dionysius I., a greatly 
stream, which crossed the river Caltabianca in t4 
places. Tlie lowermost point of obstruction is si 
the eastern side of Etna, on the high road from Gi|j 
dint to Catania, where one pier of the bridge oi 
bank is based upon a remnant of the solid lava, wbitj 
has been breached by the river to the depth of foiq 
teen feet. But the Caltabianca, although it has bq^ 
at work for more than two and twenty centuries, III 
not worn through the igneous rock so as to lay op^ 
the gravel of its ancient bed. The declivity, lioweTMH 
of the alluvial plain is very slight; and as the extcM 
of excavation in a given time depends on the volume 
and velocity of the stream, and the destructibility of 
the rock, we must careliilly ascertain all these circum- 
stances before we attempt to deduce from such e 
amples a measure of the force of running water iari 
given period. f 



t the higlier poiot near Ihe village of Ml 



I^JI 




r 



Ch. 1] LATA EXCAVATED BY THE SIMETO, 259 

The power of running water to hollow out compact 
rock is exhibited on a larger scale at the western base 
of Etna, where a great current of lava (a a, diagram 3,), 




BeoerU acavation ^lam at thejbot of Etna 



descending from near the summit of the great volcano, 
hat) flowed to the distance of five or six miles, and then 
reached the alluvial plain of the Simeto, the largest of 
the Sicilian rivers, which skirts the base of Etna, and 
falla into the sea a few miles south of Catania. The 
lava entered the river about three miles above the town 
of Ademo, and not only occupied its channel for some 
distance, but, crossing to the opposite side of the val- 
ley, accumulated there in a rocky mass. Gemmellaro 
g^ves the year 1603 as the date of theeniption.* The 
appearance of the current clearly proves that it is one 
of the most modern of those of Etna ; for it has not 
been covereil or crossed by subsequent streams or ejec- 
tions, and the olives on its surface are all of small size, 
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yet older than the natural wood on the same lava. 
the course, therefore, of about two centuries the Siou 
has eroded a passage from fifty to several hundred fi 
wide, and in some parts from forty to fifty feet dee( 

The portion of lava cut through U in no part poroi| 
or Ecoriaceous, but consists of a compact homogen€Qi 
mass of hard blue rock, somewhat inferior in weightj 
ordinary basalt, and containing crystals of olivines) 
glassy felspar. The general declivity of this parfi 
the bed of the Simeto is not considerable ; but,;; 
consequence of the unequal waste of the lava, n 
waterfalls occur at Fasso Manzanelli, each about ^ 
feet in height. Here the chasm (b, diagram No..~ 
is about forty feet deep, and only fifty broad. i 

The sand and pebbles in the river-bed consist chij 
ofabrownquartzose sandstone, derived from theu|)| 
country ; but the materials of the volcanic rock ifi 
must have greatly assisted the attrition. Thia ril 
like the Caltabianca,'haB not yet cut down to the snclfl 
bed of which it tvas dispossessed, and of which we hi 
indicated the probable position in the annexed diagi 
(c. No. 3.). 

On entering the narrow ravine where the Vi 
foams down the two cataracts, we are entirely shut 
from all view of the surrounding country ; and a get 
gist who is accustomed to associate the characteri 
features of the landscape with the relative age of i 
tain rocks, can scarcely dissuade himself from th« 
lief that he is contemplating a scene In some rod 
gorge of a primary district. The external fonaw 
the hard blue lavu are as massive as any of the ) 
ancient Irap-rocks of Scotland. Tlie solid surface ^,_ 
some parts smoothed and almost polished by attriticH 
and covered in others with a white lichen, whicii UK 
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ptrts to it an air of extreme antiquity, so as greatly to 
heighten the delusion. But the moment we re-aacend 

le cliff the spell is broken; for we scarcely recede a 
few paces, before the ravine and river disapjiear, and 

e stand on tlie black and rugged surface of a vast 
current of lava, which seems unbroken, and which we 
race up nearly to the distant summit of that ma- 
jwiic cone which Pindar called " the pillar of heaven," 
ind which still continues to send forth a fleecy wreath 
ofyapour, reminding us that its fires are not extinct, 

id that it may again give out a rocky stream, wherein 
other scenes like that now described maypresent them- 
lelves to future observers. 

Falls of Niagara. — The falls of Niagara afford a 
iMgiuficeiit example of the progressive excavation of 
>4eep valley in solid rock. That river flows from 
hiiriie Erie to Lake Ontario, the former lake being 
MOfeet above the latter, and the distance between 
pftn being thirty-two miles. On flowing out of the 

l^r lake, the river is almost on a level with its 

ItokB; so that if it should rise perpendicularly eight 
» ten feet, it would lay under water the adjacent 
Ik country of Upper Canada on the West, and 
ir the State of New York on the East.- The river, 
iriiere it issues, is about three quarters of a mile 
Ik'width. Before reaching tlie falls, it is propelled 

r great rapidity, being a mile broad, about twenty- 
feet deep, and having a descent of fifty feet in 
IMf a mile. An island at the very verge of the 
ElRaract divides it into two sheets of water ; one of 
Nhese, called the Horse-shoe Fall, is sis hundred yards 
'nide, and l.'iS feet perpendicular; the other, called 



• Csplain Hairs Travels in Nonh America, Toi. L p. 179. 
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the American Falls, is about two hundred yards 
width, and 164 feet in height. Tlie breadth aft 
island is about five hundred yards. This great sh( 
of water is precipitated over a ledge of hard limesttX 
in horizontal strata, below which is a somewhat greati 
thicknesB of sotl shale, which decays and crumb' 
away more rapidly, so that the calcareous rock fori 
an overhanging mass, projecting forty feet or ni( 
above the hollow space below. 

The blasts of wind, charged with spray, which ri 
out of the pool into which this enormous caBcsd»1 
projected, strike against the shale beds, so that t 
disintegration is constant; and the auperincuml 
limestone, being left without a foundation, falls f 
time to time in rocky masses. When these enc 
IVagmentB descend, a shock is felt at some disti 
accompanied by a noise like a distant clap of thm 
After the river has passed over the falls, its chi 
observes Captain Hall, is immediately and compleH 
changed. It then runs furiously along the hottoin' 
a deep wall-sided valley, nr huge trench, which I 
bean cut into the horizontal strata by the continO 
action of the stream during the lapse of ages. % 
cliffs on both sides are in most places perpendicd 
and the ravine is only perceived on approaching 4 
«dge of the precipice.* 

The waters which expand at the falls, where th 
ore divided by the island, are contracted again, afl 
their union, into a streum not more than 160 yu 
broad. In tlie narrow channel, immediately below 
immense rush of water, a boat can pass across 



I HiU'K Trawls in Nonti America, tdL i. pp. t! 
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with ease. The pool, it is saiil, into which the 
is precipitated J being 170 feet deep, the de- 
g water sinks down and forniB an under- current, 
superficial eddj carries the upper stratum back 
llBarda the main fall.* This is not improbable ; and 
must also suppose, that the confluence of the two 
IS, which meet at a considerable angle, tends 
aCually to neutralize their forces. The bed of the 
rer below the falls is strewed over with huge frag- 
ents which have been hurled down into the abjas. 
1 the continued destruction of the rocks, the falls 
l»e, within the last forty years, receded nearly fifty 
irdg, or, in other words, the ravine has been prolonged 
tfaat extent. Through this deep chasm, the Niagara 
Rrsfor about seven miles; and then the table-laod, 
riiich is almost on a level with I.ake Erie, suddenly 
down at a town called Queens town, and the 
river emerges from the ravine into a plain whicli con- 
tinues to the shores of Lake Ontario.f 
Becesston of the Falls. — There seems good found- 
ioo for the general opinion, that the falls were once at 
'QueenstowD, and that they have gradually retrograded 
frna that place to their present position, about seven 
auka distant. Tlie table-land, extending from thence 
la Lake Erie, consists uniformly of the same geological 
fonaations as are now exposed to view at the falls. The 
uj^r stratum is an ancient alluvial sand, varying in 
ibickness from 10 to 140 feet; below which is a bed 
of herd limestone, about ninety feet in thickness, 

*SreMr. BakewElI, jun. on the fulls of Niagara. — LoudDD's 
nig. of Nat. HUt. No. lii. March, 1830. 
t The memoir of Mr. Bakewell, jun. above rererred to con- 
h Uim tTFo very illuatralive aketchea of the physical geographjr of 
itie countiy between Lakes Erie and Ontario, including the FatU. 
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Stretching nearly in a horizontal direction over tlie 
whole country, and forming the bed of the river above 
the falls, as do tlie inferior shales below. The lower 
shale is nearly of the same thickness as the limestone: 
but this last is said to thicken at the point now reached 
by the falls, a circumstance which may enable it in 
future to offer greater resistance to the force of the 
cataract.* 

If the ratio of recession had never exceeded fifty 
yards in forty years, it must have required nearly ten 
thousand years for the excavation of the whole rsrine ; 
but scarcely any estimate can be formed of the quan- 
tity of lime consumed in such an operation, became 
tlie retrograde movement fvas probably much more 
rapid when the whole current was confined within a 
space not exceeding a fourth or fifth of that which 
the falls now occupy. Should the erosive action not 
be accelerated in future, it will require upwards of 
thirty thousand years for the falls to reach Lake Erie 
(twenty-live miles distant), to which they seem des- 
tined to arrive in the course of time, unless some 
earthquake changes the relative levelg of the district 

If that great lake should remain in its present state 
until the period when the ravine recedes to its shores, 
the sudden escape of so vast a body of water might 
cause a tremendous deluge : for the ravine would be 
much more than suHicient to drain the whole lalce, of 
which the average depth was found, during the late 
survey, to be only JO or 12 fathoms. But, in CDOte- 
quence of its shaliowness, Lake Erie is fast filling up 
with sediment ; and a question arises, whether its entire 
area may not be converted into dry land, before the 
fidk recede so far. 

• Montbly Americim Journ. July 1831, p. 31. 



CHAPTER II. 

N OF Bl'NKtNG WATER — Continued. 

3e of the Po — Doertian of its old (channel — Artificial em. 

:i of the Po, Adige, and other Italion rivers — Bniin 
tt the Miuissippi — Its meanders — Islands — Shifting of iU 
— Raft of the Atehafala ja — Drift wood — Nov-fomied 
in Louii I uia— Earthquakes in the vallej of thu Mis»i. 
— Floods caused by land-slips in the Whita Mountaim — 
F Bursting of a lolie in Switzerland — DevasItUioni caused bfthe 
b-Anio at TlToli. 

■Cbur«e of tim Po, — The Po aflbrds an inhtructive 
mple of the manner in wliicli a great river bears 
Q to the sea the matter poured into it by a multi- 
i of tributaries descending from lofty chains of 
SounCains. Ttie changes gradually effected in the 
^eat plain of Northern Italy, since the time of 
Roman republic, are considerable. Extensive 
Ikes and marshes have been gradually filled up, as 
bose near Placentia, Parma, and Cremona, and many 
^ve been drained naturally by the deepening of the 
s. Deserted river-courses are not un- 
*fifequent, as that of the Serio Morto, which formerly 
tfell into the Adda, in Lombardy ; and the Po itself 
t^hss often deviated from its course. Subsequently to 
B year 139(^ it deserted part of the territory of 
^Cremona, and invaded that of Parma ; its old channel 
NlCDg still recognizable, and bearing the name of Po 
Bressello is one of tlie towns of which the 
lite was formerly on the lefl of the Po, but which is 
n the right bank. There is also an old channel 



of the Po in tlie territory of Parma, called Po Vew^ 
which was abandoned in the twelfth century, wbg 
great number of towns were destroyed. There;. 
records of parish-diurclies, as those of Vicobdligii 
Agojolo, and Martignana, having been pulled- fl 
and ailerwards rebuilt at a greater distance from. : 
devouring stream. In the fifteenth ceotury the m 
braneli again resumed he deserted channel, and ci 
away a great island opposite Casalmaggiore. A 
end of the same century it abandoned, a gecond ti 
the bed called " Po Vecehio," carrying away t 
streets of Casalmaggiore. The friars in the mooael 
de' Serviti took the alarm in 1471, demolished ll 
buildings, and reconstructed them at Fontana, t^hit 
they had transported the materials. In like mam( 
the church of S. Rocco was demolished in 1511. t 
the seventeenth century also the Po shitled its cod 
for a mile in the same district, causing great devi) 

Arlijicial embankmenU of Italian rivers. — To ch| 
these and similar uberrations, u general system, 
embankment has been adopted; and the Po, Adi 
and almost all their tributaries, are now ci 
between high artificial banks. The increased v 
acquired by streams thus closed in, enables them 
convey a much larger portion of foreign matter ti 
sea ; and, consequently, the deltas of the Po fl 
Adige have gained far more rapidly on the Adria 
since the practice of embankment became almoM 
universal. But although more sediment is borne K» 
the sea, part of the sand and mud, which in thf 
natural state of things would be spread out by annual 

• Deir Antim Corw de' Fiumi Po, Oglio, cd AOdo, <IeU' ( 
Tuini Romuii. Milan, 1828. 
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idations over the plain, now subsides in the bottom 
4he river-channels, and tlieir capacity being thereby 
uinisbed, it is necessary, in order to prevent in- 
iations in tlie following spring, to extract matter 
in the bed, and to add it to the banks, of tlie river, 
mce it has arisen that these streams now traverse 
! plain on tlie top of high mounds, like the waters 
aqueducts, and the surface of the Po has become 
»e elevated than the roofs of the houses of the city 
"Ferrara,* The magnitude of these barriers ia a 
Eject of increasing expense and anxiety, it having 
Ifli' some times of late years found necessary to give 
I'Mditional height ofnearly one foot to the banks of 
t AdSge and Po in a single season. 
'^TTie practice of embankment was adopted on some 
fthe Italian rivers as early as the thirteenth century ; 
'Dante, writing in the beginning of the fourteenth. 
fcferflwB, in the seventh circle of hell, a rivulet of 
s separated from a burning sandy desert by em- 
bnents " like those which, between Ghent and 
get, were raised against the ocean, or those which 
Paduans had erected along the Brenta to defend 
ir villas on the melting of the Alpine snows." 



Quale i Fiamminghi tra ( 

Temendo i1 liollo che [d i 

Fbiido lo schenno, pcrcii^ il mar 51 fugi 

E quale t Padovan lungo la Brenta, 

Per difeniler lor vllle e lor rastclli, 

Ami cbe CfaiarentanB il cnido aenU — 



Bruggia, 



Saiin of the JffLislssippi. — The hydrographical basin 
" fte Mississippi displays, on the grandest scale, the 



268 BASIN OF THE MISSISSIPPI. [BLILPtl. 

action of running water on the surface of a vast con- 
tinent. This magnificent river rises nearly in the 
forty-ninth parallel of north latitude, and flows to the 
Gulf of Mexico in the twenty-ninth — a course, in- 
cluding its meanders, of nearly five thousand miles. 
It passes from a cold arctic climate, traverses the 
temperate regions, and discharges its waters into the 
sea in the region of the olive, the fig, and the sugar- 
cane.* No river affords a more striking illustration of 
the law before mentioned, that an augmentation of 
volume does not occasion a proportional increase of 
surface, nay, is even sometimes attended with a nar- 
rowing of the channel. The Mississippi is half a mile 
wide at its junction with the Missouri f, the latter 
being also of equal width ; yet the united waters have 
only, from their confluence to the mouth of the Ohio, 
a medial width of about three quarters of a mile. The 
junction of the Ohio seems also to produce no increase, 
but rather a decrease, of surface. J The St. Francis, 
White, Arkansas, and Red rivers, are also absorbed 
by the main stream with scarcely any apparent 
increase of its width ; and, on arriving near the sea 
at New Orleans, it is somewhat less than half a mile 
wide. Its depth there is very variable, the greatest 
at high water being 168 feet. The mean rate at 
which the whole body of water flows is variously 
estimated. According to some, it does not exceed 
one mile an hour.§ 

* Flint's Geography, vol. i. p. 21. 

t Flint says (vol. i. p. 140.) that, where the Mississippi receiTes 
the Missouri, it is a mile and a half wide, but, according to CaptaiD 
"^ Hall, this is a great mistake. — Travels in the United States, 
. iii. p. S28. 

\ Flint's Geography, vol. i. p. 142. 

§ HmWb Travels in North America, vol. iii. p. SSO., who dtei 
rby. 
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The alluvial plain of this ^eat river is bounded 
n tlie east and west by great ranges of mountains 
Hatching along their respective oeeans. Beluw the 
^ctioD of the Ohio, the plain is from thirty to fifty 
^es broad, and after that point it goes on increasing 
width till the expanse is perhaps three times as 
peat I On tlie borders of this vast alluvial tract are 
j;^|ieadicular cliSs, or " blutfs," as they are called, 
Koposed of limestone and other rocks. For a great 
{Stance the Mississippi washes the eastern '< blulfs ; " 
d below the mouth of the Ohio, never once comes 
^.contact witli the western. Tlie waters are thrown 
I, the eastern side, because all the large tributary 
S entering from the west, have filled that aide of 
f great valley with a sloping mass of clay and sand. 
[ thU reason, the eastern blulfs are continually 
l|!ennlned, and the Mississippi is slowly but incea- 
JOtly progressing esstward.* 

.O^roes oft/ie Slisstssijyti. — The river traverses the 
1 a meandering course, describing immense and 
l^orm curves. After sweeping round the half of a 
K^ it is carried in a rsipid current diagonalljr 
K its own channel, to another curve of the 
5 uniformity upon the opposite sliore.f These 
es are so regular, that the boatmen and Indians 
jiculate distances by them. Opposite to each of 
1 there is always a sand-bar, answering, in the 
tarexity of its form, to the concavity of " the bend,' 
* il is called.J The river, by continually wearing 
Uue corves deeper, returns, like many other streams 
wore described] on its own tract, so that a vessel in 

* Gwgraph. Descrip, of the Siale of Lauisiann, by W. Darbj, 
lUkdilplua, 1S16, p. 103. 
flhl-i Geog. ToL 1. p. 153. i Ibid. 
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some places, after sailing for twenty«fiye or thirty 
miles, is brought round again to within a mile of the 
place whence it started. When the waters approach 
so near to each other, it often happens at high floods 
that they burst through the small tongue of land, 
and insulate a portion, rushing through what is 
called the ^^ cut o£P" with great velocity. At one 
spot, called the " grand cut off," vessels now pass 
from one point to another in half a mile to a distance 
which it formerly required a voyage of twenty miles 
to reach.* 

Waste of its banks, — AAer the flood season, when 
the river subsides within its channel, it acts with 
destructive force upon the alluvial banks, softened and 
diluted by the recent overflow. Several acres at a 
time, thickly covered with wood, are precipitated into 
the stream ; and large portions of the islands formed 
by the process before described are swept away. 

<< Some years ago," observes Captain Hall, << when 
the Mississippi was regularly surveyed, all its islands 
were numbered, from the confluence of the Missouri 
to the sea ; but every season makes such revdutioni, 
not only in the number but in the magnitude and 
situation of these islands, that this enumeration is 
now almost obsolete. Sometimes large islands are 
entirely melted away — at other places they have 
attached themselves to the main shore, or, which is 
the more correct statement, the interval has been 
filled up by myriads of logs cemented together bf 
mud and rubbish." f When the Mississippi and many 
of its great tributaries overflow their banks, the waters, 

• Flint's Geog. vol. i. p. 154. 

f Travels in North America, vol. liL p. S61« 
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being no longer borne down by the main current, and 
becoming impeded amongst the trees and bushes, 
deposit the sediment of mud and sand with which 
they are abundantly charged. Islanda arrest the pro- 
gress of floating trees, and they become in this 
manner reunited to the land ; the rails of trees, to- 
gether with mud, constituting at length a solid mass. 
Hie coarser portion subsides first, and the most 
ODpious deposition is found near the banks where 
\jke soil is most sandy. Finer particles are found at 
farthest distances from the river, where an im- 
ilpable mixture is deposited, forming a stiff* unctuous 
ick soil. Hence the alluvions of these rivers are 
[heat directly on the banks, and slope back like & 
lural " glacis" towards the rocky cliSli bounding the 
kat valley.* The Mississippi, therefore, by the 
Mtinual shilling of its course, sweeps away, during 
great portion of the year, considerable tracts of 
■ium which were gradually accumulated by the 
pw of former years, and the matter now left 
ing the spring-6oods will be at some furture time 
oored. 
tHafieflheAtc/iafalai/a. — One of the most interest- 
features in this basin is " Che rah." The dinien- 
>8 of this mass of timber were given by Darby, in 
■6, as ten miles in length, about '220 yards wide, 
I eiglii feet deep, the whole of which had accu- 
in consequence of some obstruction, during 
^t thirty-eight years, in an arm of the Mississippi 
led the Atchafalaya, which is supposed to have 
en at some past time a channel of the Red itiver, 
Tore it intermingled its waters with the main 

• Flint's Geography, toI. i. p. 151. 
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Stream. This arm is in a direct line with the directil 
of the Mississippi, and it catches a large portion of fl 
drill wood annually brought down. 

The mass of timber in the raft is continually^ 
creasing, and the whole rises and falls with the w 
Although floating, it is covered with green bulb 
like a tract of solid land, and its surface is eniir 
io the autumn by a variety of beautiful flowers. 

Drift Wood. — Notwithstanding the astonishi 
number of cubic feet of timber collected her 
short a time, greater deposits have been in progress 
the extremity of the delta in the Bay of Mexl 
" Unfortunately for the navigation of the Mississ. 
observes Captain Hall, " some of the largest tr 
after being cast down from the position on whicli til 
grew, get their roots entangled with the bottom ofi 
river, where tliey remain anchored, as it were, in 1 
mud. The force of the current naturally gives d 
tops a tendency downwards, and, by its flowing p( 
soon strips them of their leaves and branches, 
fixtures, called snags or planters, are extremely it 
gerous to the steam-vessels proceeding up th 
in which they lie like a lance in rest, concealed 1 
neath the water, with their sharp ends pointed dire 
against the bow of the vessels coming up. F 
most part, these formidable snags remain so stil 
they can be detected only by a slight ripple 
them, not perceptible to inexperienced eyes, 
times, however, they vibrate up and down, altemat^ 
showing their heads above the surface and bathing 
them beneath it.''* So imminent is the danger caused 
by these obstructions, that almost all the boats on tbt 



• Travels in NortJi Aim 



, vol, i 



p. 362. 



iPUL] OF THE MISSISSIPPI. 273 

^i»^»ippi are coostructed on a particular plan, to 
Jpad against fatal accidents. *" 

prodigious quantity of wood annually drifted 
dvnn by the Mississippi and its tributaries, is a subject 
jt^.^eological interest, sot merely as illustrating the 
wliich abundance of vegetable matter be- 
(piesi in the ordinary course of Nature, imbedded in 
iubmarine and estuary deposits, but as attesting the 
|pf|«tant destruction of soil and transpnrtation of 
I^Uer to lower levels by the tendency of rivers m 
'|ill their courses. Each of these trees must have 
{guided many years, some of them many centuries, to 
flifi tlieir full size : the soil, therefore, whereon they 
iHKiS^i^ remaining undisturbed for long periods, is 
tllnateJy torn up and swept away. Yet, notwith- 
Hding tills incessant destruction of land and up- 
l^ing of trees, the region whicli yields this never- 
liag supply of drift wood is densely clothed with 
(bie forests, and is almost unrivalled in its power of 
ji^rting animal and vegetable life, 
innumerable herds of wild deer and bisons feed on 
i luxurious pastures of the plains. The jaguar, the 
Jf, and the foK, are amongst the beasts of prey. 
ft waters teem with alligators and tortoises, and 
tir surface is covered with millions of migratory 
Bt^fowl, which perform their annual voyage between 
' !, Canadian lakes and the shores of the Mexican Gulf. 

'"The b<.:iH are BKecI," says Captain Hall, "with what it 
•Wn sm^chainljer ; — u partliiun, formpd of atoul planks, 
1^ a caulked, and made so elTscIuslly watcr-u'ghl, Ibst the 
}SmtU end otlhe vnsel i« culofTas entirely rram [lie rest of the 
1^ u if it belonged lo another boat. If the sleam-vesEel happen 
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The power of maii begins to be sensibly felt, and I 
wilderneu to be replaced by towns, orcbards, 
gardens. The gilded steam-boat, like a moving 
now stems the current with a steady pace — 
shoots rapidly down the descending etream tltrough 
the solitudes of the forests and prairies. Already 
does the flourishing population of the great valley 
exceed that of the thirteen United States when finl 
they declared their independence, and, after a sanguin- 
ary struggle, were severed from the parent country,' 
Such is the state of a continent where rooks and trttt 
are hurried annually, by a thousand torrents, from the 
mountains to the plains, and where sand and finer 
matter are swept down by a vast current to the se* 
together with the wreck of countless forests and the 
bones of animals which perish in the inundaliooi- 
When these materials reach the Gulf, tliey do not 
render the waters unfit for aquatic animals ; but, W 
the contrary, the ocean here swarms with life, at it 
generally tioea where the influx of a great river 
nishet a copious supply of organic and mineral 
Yet many geologists, when they behold the spoiis^ 
the land heaped in successive strata, and blended i 
fuaedly with the remains of fishes, or interspersed 
broken shells and corals, imagine that they are viei 
the signs of a turbulent instead of a tranquil and setl^ 
state of the pianet- They read in such pheni 
the proof of cliaotic disorder, and reiterated 
trophes, instead of indications of a surface as habll 
as the most delicious and fertile districts now tenanted 
by man. They are not content with disregarding the 
Analogy of the present course of Nature, when the/ 



• Flint't Geoar«pliy, vol. i. 
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speculate on the revolutions of past times, but they 
often draw conclusions, concerning the former state of 
things, directly the reverse of those to which a fair 
nduction from facts would infallibly lead them 

Formatwti of lakes in ioMwinna.— Another strik- 
iag feature in the basin of the Mississippi, iUustrative 
of the changes now in progress, is the formation by 
satural causes of great lakes, and the drainage of 

Ts. These are especially frequent in the basin 
the Red River in Louisiana, where the largest of 
them, called Bistineau, is more than thirty miles long, 
BUd has a medium depth of from Jijieen to twetdy feet 
Ih the deepest parts are seen numerous cypress trees, 
•f all sizes, now dead, and most of tiiem with their 
tops broken by the wind, yet standing erect i 
■water. This tree resists the action of air and water 
longer than any other, and, if not submerged through- 
out the whole year, will retain life for an extraordinary 
period.* Lake Bistineau, as well as Black Lake, 
'Gado Lake, Spanish Lake, Natchitoches Lake, and 
■ tasDy others, have been formed, according to Darby, 
hy the gradual elevation of the bed of Red River, in 
which the alluvial accumulations have been s 

o raise its channel, and cause its waters, during 
iJie flood season, to flow up the mouths of many tribu- 
uiea, and to convert parts of their courses into lakes. 
:in the autumn, when the level of Red River is again 
.depressed, the waters rush back again, and some lakes 
iiecome grassy meadows, with streams meandering 

• Captains Clark and Lewis founj a forest of pine* slaniJing 
xt under water in ihe body of the Columliia Riser in North . 
menca, which, Ihey auppoMed, from the appearance of iJie Iree^ 
haie been on!)' submerged about twenty years. — Vol. \ 

M 6 
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through them.* Thus, there is a periodical flux and 
reflux between Red River and some of these basins, 
which are merely reservoirs, alternately emptied and 
filled like our tide estuaries — with this difference, 
that in the one case the land is submerged for several 
months continuously, and in the other, twice in every 
twenty-four hours. It has happened, in several cases, 
that a bar has been thrown by Red River across 
some of the openings of these channels, and then the 
lakes become, like Bistineau, constant repositories of 
water. But even in these cases, their level is liable 
to annual elevation and depression, because the flood 
of the main river, when at its height, passes over the 
bar; just as, where sand hills close the entrance of an 
estuary on the Norfolk or Suffolk coast, the sea, during 
some high tide or storm, has often breached the barrier 
and inundated again the interior. 

Earthquakes in basin of Mississ^ppu — The frequent 
fluctuations in river courses, in various parts of the 
basin of the Mississippi, are partly, perhaps, to be 
ascribed to the co-operation of subterranean movements, 
which alter from time to time the relative levels of 
various parts of the surface. So late as the year 1812, 
the whole valley from the mouth of the Ohio to that 
of the St. Francis, including a tract three hundred 
miles in length, and exceeding in area the whole basin 
of the Thames, was convulsed to such a degree, as to 
create new islands in the river, and lakes in the alluvial 
plain, some of which were twenty miles in extent We 
shall allude to this event, by which New Madrid was in 
great part destroyed, when we treat of earthquakes; 
but may state here, that it happened exactly at the 

* Darby's Louisiana, p. 33. 
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auDe time as the fatal convulsions in the district of 
CuBCcas; and the country shaken was nearly five 
degrees of latitude farther removed from the great 
ceatre of volcanic disturbance, than the basin of the 
fied River, to which we before alluded.* 

When countries are liable to be so extensively and 
pennanently affected by earthquakes, speculations con- 
cerning changes in their hydrographical features must 
BOt be made without regard to the igneous as well as 
die aqueous causes of change. It is scarcely necessary 
to observe, that the inequalities produced even by one 
ihock, might render the study of the alluvial plain of 
the Mississippi, at some future period, most perplexing 
to a geologist who should reason on the distribution 
of transported materials, without being aware that the 
onfiguration of the country had varied materially 
during the time when the excavating or removing 
power of the river was greatest. 



FLOODS, BURSTING OF LAKES, ETC. 

The power which running water may exert, in the 
^»e of ages, in widening and deepening a valley, does 
BOt so much depend on the volume and velocity of the 
<ream usually flowing in it, as on the number and 
Wgnitude of the obstructions which have, at different 
periods, opposed its free passage. If a torrent, how- 
ctct small, be effectually dammed up, the size of the 

* Darby mentions beds of marine shells on the banks of Red 
Km, which seem to indicate tliat Lower I^ouisiana is of recent 
"*nution: its elevation, perhaps, above the sea, may have been 
^ to the same series of earthquakes which continues to agitate 
equtoriil America. 
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valley above the barrier, and ila declivity belov, axA 
not the dimensions of the torrent, will determine th 
violence of the debacle. The most unive; 
of local deluges are land-slips, slides, or avttlanchei 
as they ore sometimes called, when great i 
rock and soil, or sometimes ice and snow, are precipi- 
tated into the bed of a river, the boundary cliffs oTirllia 
have been thrown down by the shock of an earthqusklf 
or undermined by springs or other causes. Voluratf 
might be fiiled with the enumeration of all tlie instanct!; 
which are on record of these terrific catastrophe! f I 
shall therefore select a few examples of recent ocatfi 
rence, the facts of which are well authenticated. 

Floods caused bij landslips, 1826. — Two A 
seasons in the White Mountains, in New Hampsfaifi 
werefollowedby heavy rains on the 28th August, 19§B 
when from the steep and lofly declivities which lil 
abruptly on both sides of the river Saco, ir 
rocks and stones, many of sufficient size to fSII a ci 
mon apartment, were detached, and in their descd 
swept down before them, in one promiscuous i 
frightful ruin, forests, shrubs, and the earth whiii 
sustained them. No tradition existed of a 
slides at former times, and the growth of the forest ( 
the flanks of the hills clearly showed that for a 
interval nothing similar had occurred. One of the! 
moving masses was afterwards found to have i^ 
three miles, with an average breadth of a quarter of 
mile. The natural excavations commenced genera^ 
in a trench a few yards in depth and a few rods in wid' 
and descended the mountains, widening and deepenia 
till they became vast chasms. At the base of ttieM 
hollow ravines was seen a wide and deep mass of ruh^ 
consistingof transported earth, gravel, rocks, and treeW 
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forests of spruce-fir and hemlock were prostrated with 
luch ease as if tliey had been fieMs of grain ; for, 
iiere they disputed the ground, the torrent of mud 
rock accumulated behind till it gathered sufficient 
irce to burst the temporary barrier. 
The valleys of the Amonoosuck and Saco presented> 
r many miles, an uninterrupted scene of desolation ; 
{t the bridges being carried away, as well as those 
'er their tributary streams. In sonie places, the road 
IS excavated to the depth of from fifteen to twenty 
set; in others, it was covered with earth, rocks, aad 
^eea, to as great a height. The water flowed for 
aany weeks after the flood, as densely charged with 
[h as it could be without being changed into mud. 
id marks were seen in various localities of its having 
1 on either side of the valley to more than twen^- 
faet above its ordinary level. Many sheep and 
Vttle were swept away, and the Willey family, nine 
number, who in alai'm had deserted their house, 
ffre destroyed on the banks of the Saco; seven of 
(eir mangled bodies were ai'cerwarils found near the 
buried beneath drif^ wood and mountain ruins.* 
'e may remind the geologist that the lower alluvial 
are most exposed to such violent floods, and 
te at the same time best fitted tor the sustenance of 
srbivorous animals. If, therefore, any organic remains 
found amidst the superficial heaps of transported 
:ter, resulting from those catastrophes, at whatever 
piods they may have happened, and whatever ma 
been the former conGgurotion and relative level 
I die country, we may expect the imbedded fossi 

Imui'i Journal of Sdencc, vol. it. No. 3. p. QIG. Jan- 
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relics to be principally referrible to this clau 
mam m alia. 

But these catastrophea are insignificant, when coi 
pared to those which are occasioned by eartbquaki 
wiieu the boundary hills, for miles in length, a 
thrown down into the lioltow of a valley. IshaUhav^ 
opportunities of alluding to inundations of thi»]ii 
when treating of earthquakes, and shall content' n 
self at present wiih selecting an eKample, of nuMlffl 
datGi of a flood caused by the bursting of a temporal 
lake ; the facts having been described, with nioFB Ih 
ueuai accuracy, by scientific observers. 

Flood in die Vallty of Stipes, 1818 — The TiJl 
of Bagncs is one of the largest of \he lateral embroiw 
ments of the main valley of the Rhone, above t 
Lake of Geneva. Its upper portion was, in 18U 
converted into a lake by the damming up of a n 
row pass, by avalanches of snow and ice, precipitate 
from an elevated glacier into the bed of the i 
Dranse. In the winter season, during continued hat 
scarcely any water flows in the bed of this river !tl 
preserve an open channel, so that the ice-banier n 
mained entire until the melting of the snows 
when a lake was formed above, about half a lea 
in length, which finally attained in some partAr 
depth of about two hundred feet, and a width | 
about seven hundred feet. To prevent or lessen |1 
mischief apprehended from tlie sudden bursting of tl 
barrier, an artificial gallery, seven hundred feet j 
length, was cut through the ice, before the waters b 
risen to a great height. When at length they a 
raulated and flowed through this tunnel, they dissolve 
the ice, and thus deepened their channel, until nea^ 
half of the whole contents of the lake were slon" 
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drained otT. But, at length, on the approach of the 
hot season, the central portion of the remaining mass 
of ice gave way with a iremendous crash, and the 
Ksidue of the lake was emptied in half an hour. In 
Durse of its descent, the waters encountered 
Mieral narrow gorges, and at each of these they rose 
to B great height, and then hurst with new violence 
iitB the next basin, sweeping along rocks, forests, 
JKHKes, bridges, and cultivated land. For the greater 
J«rt of its course the flood resembled a moving 

19 of rock and mud, rather than of water. Some 
&Bginents of granitic rocks, of enormous magnitude, 
nd which, from their dimensions, might be compared 
without exaggeration to houses, were torn out of a 
More ancient alluvion, and borne down for a ciuarter 
ofs mile. The velocity of the water, in the first part 
of its course, waa thirty-three feet per second, which 
dinisished to six feet before it reached the Lake of 
Geneva, where it arrived in six hours and a half, the 
iatanceheing forty-five miles,* 

This flood left behind it, on the plains of Martigny, 
thousands of trees torn up by the roots, together with 
the ruins of buildings. Some of the houses in that 
were filled with mud up to the second story. 
After expanding in the plain of Martigny, it entered 
the Rhone and did no further damage ; but some 
todies of men, who had been drowned above Martigny, 
"ere afterwards found, at the distance of about thirty 
miles, floating on the farther side of the Lake of 
Geneva, near Vevey. 

The waters, on escaping from the lake, intermixed 

' See an accaunt of the inundation of tlic Val de Bagnes, in 
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with mud and rock, swept along, for the first four 
miles, at the rate of above twenty miles an hour ; and 
M. Escher, the engineer, calculated that the flood 
furnished 300,000 cubic feet of water every second, 
— an e£9ux which is five times greater than that of 
the Rhine below Basle. Now, if part of the lake 
had not been gradually drained off, the flood would 
have been nearly double, approaching in volume to 
some of the largest rivers in Europe. It is evident, 
therefore, that, when we are speculating on the exca- 
vating force which a river may have exerted in any 
particular valley, the most important question is, not 
the volume of the existing stream, nor the present 
levels of its channel, nor even the nature of the rocks, 
but the probability of a succession of floods, at some 
period since the time when the valley may have been 
first elevated above the sea. 

For several months after the debacle of 1818, the 
Dranse, having no settled channel, shifted its position 
continually from one side to the other of the valley, 
carrying away newly- erected bridges, undermining 
houses, and continuing to be charged with as large a 
quantity of earthy matter as the fluid could hold in 
suspension. I visited this valley four months after the 
flood, and was witness to the sweeping away of a 
bridge, and the undermining of part of a house. The 
greater part of the ice-barrier was then standing, pre- 
senting vertical cliffs 150 feet high, like ravines in the 
lava-currents of Etna or Auvergne, where they are 
intersected by rivers. 

Inundations, precisely similar, are recorded to have 

occurred at former periods in this district, and from 

^he same cause. In 1595, for example, a lake burst, 

nd the waters, descending with irresistible fury, de- 



Mnyed the town of Martigny, where from sixty to 
:eighty persons perished. In a EiniUar flood, fifty 
ijeira before, 140 persons were drowned. 

Flood at Th-oli, 1826.— I shall conclude with one 
pore example, derived from a land of classic recollec- 
tioDs, the ancient Tibur, and which, like all the other 
jjoundations above alluded to, occurred within the 
■present century. The younger Pliny, it will be re- 
membered, describes a flood on the Anio, which 
deMroyed woods, rocks, and houses, with the most 
JUmptuoiis villas and works of art.* For four or 
^e centuries consecutively, this headlong stream, as 
■Horace truly called it, has otlen remained within its 
bpundsi and then, after so long an interval of rest, has 
iU difterent periods inundated its banks again, and 
i-widened its channel. The last of these catastrophes 
hiqipened 15th Nov. 1826, after heavy rains, such as 
.jvoduced the floods before alluded to in Scotland. 
iJhe waters appear also to have been impeded by an 
,{Rlificiai dike, by which they were separated into two 
^■rts, a short distance above Tivoli. They broke 
^rougb this dike, and, leaving the lefl trench dry, 
[precipitated themselves, with their whole weight, on 
the right side. Here they undermined, in the course 
ijrfa few hours, a high cliff, and widened the river's 
diannel about fifteen paces. On this height stood the 
-i^Urch of St. Lucia, and about thirty-six houses of 
the towB of Tivoli, which were all carried away, pre- 
senting, as they sank into the roaring flood, a terrific 
icene of destruction to the spectators on the opposite 
bank. As the foundations were gradually removed, 
each building, some of them edifices of considerable 

• Lib. vlii. Epiii. n. 
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height, was first traversed with numerous rents, whi* 
WKiii wiclened into large fiEsures, until at length tl 
roofs fell in with a crash, and then the walls sank inl 
the river, and were hurled dnwn the cataract below.* 
The destroying agency of the flood came with 
two hundred yards of tlie precipice on wliich tJ 
beautiful temple of Vesta stands; but fortunately tl 
precious relic of antiquity was spared, while the wie 
of modern structures was hurled down the ab^ 
Vesta, it will be remembered, in the heathen mythR 
logy, personified the stahility of the earth ; and wh 
the Samian astronomer, AristarchuG, first taught tl 
the earth revolved on its axis, and round the sun,! 
was publicly accused of impiety, " for moving t 
everlasting Vesta from her place." PlByfair-|- o 
that when Hutton ascribed instability to the eort 
eur^ce, and represented the continents which we a 

habit as the theatre of incessant change an ^^^ 

his antagonists, who regarded Ihem as unalterali 
assailed him, in a similar manner, with 
founded on religious prejudices. We might appeal 
the excavating power of the Anio as corroborative') 
one of the most controverted parts of the Hutto 
theory ; and, if the days of omens had not gone 1 
the geologists who now worship Vesta might r^ 
the late catastrophe as portentous. We may, at lea 
recommend the modern votaries of the goddess to Is 
no time in making a pilgrimage to her shrine, for fi 
flood may not respect the temple. 




When at Tivoli, in 1S25, I received (liii 
c&sn of Ilie event, 
t lllualr. of Hult Theorj, 5 3. p. 147. 
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CHAPTER III. 

PHENOMENA OF SPRINGS. 

Origin of Springs •— Bored wells — Distinct causes by which 
mineral and thermal waters may be raised to the surface -« 
Their connexion with volcanic agency — Calcareous springs •— 
Travertin of tlie £lsa — Baths of San Vignone and of San 
Filippo, near Radicofani — ~ Spheroidal structure in travertin, 
as in English magnesian limestone — Bulicami of Viterbo — 
Lake of the Solfatara, near Rome — Travertin at Cascade of 
Tivoli — Gypseous, Siliceous, and Ferruginous Springs — 
Brine Springs — Carbonated Springs — Disintegration of 
granite in Auvergne — Petroleum Springs — Pitch Lake of 
Trinidad. 

Origin of springs, — The action of running water 
on the land having been considered, we may next 
turn our attention to what may be termed << the 
subterranean drainage/' or the phenomena of springs. 
Every one is familiar with the fact, that certain porous 
soils, such as loose sand and gravel,absorb water with 
rapidity; and that the ground composed of them soon 
dries up af^er heavy showers. If a well be sunk in 
such soils, we oflen penetrate to considerable depths 
before we meet with water ; but this is usually found 
on our approaching the lower parts of the formation, 
where it rests on some impervious bed ; for here the 
water, unable to make its way downwards in a direct 
line, accumulates as in a reservoir, and is ready to 
ooze out into any opening which may be made, in the 
same manner as we see the salt water flow into, and 
fill, any hollow which we dig in the sands of the shoro 
at low tide. 
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The facility with which water can percolate loose 
and gravelly soils is clearly illustrated by the effect of 
the tides in the Thames, between Richmond and 
London. The river, in this part of its course, flows 
through a bed of gravel overlying clay, and the porous 
superstratum is alternately saturated by tlie water 
of the Thames as the tide rises, and then drained 
again to the distance of several hundred feet from the 
banks when the tide falls, so that the wells in this 
tract regularly ebb and flow. 

If the transmission of water through a porous 
medium be so rapid, we cannot be surprised that 
springs should be thrown out on the side of a hill, 
where the upper set of strata consist of chalk, sand, or 
other permeable substances, while the subjacent are 
composed of clay or other retentive soils. The only 
difficulty, indeed, is, to explain why the water does 
not ooze out every where along the line of junction 
of the two formations^ so as to form one continuous 
land-soak, instead of a few springs only, and these 
far distant from each other. The principal cause 
of this concentration of the waters at a few points 
is, first, the frequency of rents and fissures, which 
act as natural drains ; secondly, the existence of in- 
equalities in the upper surface of the impermeable 
stratum, which lead the water, as valleys do on the 
external surface of a country, into certain low levels 
and channels. 

Tliat the generality of springs owe their supply to 
the atmosphere is evident from this, that they become 
languid, or entirely cease to flow, afler long droughts, 
and are again replenished after a continuance of rain. 
For the constancy and uniformity of their volume 
they are probably indebted to the great extent of the 
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subterranean reservoirs with which they comitiunicatet 
and the time required for these to empty themselves 
]^y percolation. Sucli a gradual and regulated dia- 
(^arge is exhibited, though in a less perfect degree, 
ai every great lake, wiiich is not sensibly affected ia 
itts level by sudden showers, but only slightly raised; 
that its channel of efSux, instead of being swoln 
j^^ddealy like the bet! of a torrent, is enabled to cany 
ieif the surplus water mare gradually. 

Much light has been thrown, of iate years, on the 
■Aeory of springs, by the boring of what are called by 
t^e French " Artesian wells," because the method has 
l^rg been known and practised in Artois ; and it is 
fw demonstrated that there are sheets of fresh water, 
id, in some places, currents ut various depths in the 
le instrument employed in excavating these 
wells is a large auger, and the cavity bored is usually 
im three to four inches in diameter. If a liard rock 
met with, it is first triturated by an iron rod, and 
^fp materials, being thus reduced to small fragments 
powder, are readily extracted. To hinder the sides 
f. the well from falling in, as also to prevent the 
^reading of the ascending water in tile surrounding 
S^, a jointed pipe is introduced, formed of wood in 
^rtois, but in other countries more commonly of 
lll^taL It frequently happens that, after passing 
ll^ough hundreds of feet of retentive soils, a water- 
stratum is at length pierced, when the fluid 
(Omediately ascends to the surface and flotrs over. 
The first rush of the water up the lube ia oflen 
violent, so that for a time the water plays tike 
'.^ fountain, and then, sinking, continues to flow over 
ly, or sometimes remains stationary at a 
depth below the orifice of the well. TbU 
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spouting of the water in the first instance is probably 
owing to the disengagement of air and carbonic acid 
gas, for both of these have been seen to bubble up 
with the water.* 

At Sheemess, at the mouth of the Thames, a well 
was bored on a low tongue of land near the sea, 
through 300 feet of the blue clay of London, below 
which a bed of sand and pebbles was entered, be- 
longing, doubtless, to the plastic day formation: 
when this stratum was pierced, the water burst up 
with impetuosity, and filled the well. By another 
perforation at the same place, the water was found at 
the depth of 328 feet, below the clay; it first rose 
rapidly to the height of 189 feet, and then, in the 
course of a few hours, ascended to an elevation of 
eight feet above the level of the ground. In 1824t, a 
well was dug at Fulham, near the Thames, at the 
Bishop of London's, to the depth of 317 feet, which, 
after traversing the tertiary strata, was continued 
through 67 feet of chalk. The water immediately 
rose to the surface, and the discharge was above 
50 gallons per minute. In the garden of the Horti- 
cultural Society at Chiswick, chalk was also reached 
at a depth of 329 feet, from which the water rose to 
the surface. At the Duke of Northumberland's, above 
Chiswick, the borings were carried to the extraordinary 
depth of 620 feet into the chalk, when a considerable 
volume of water was obtained, which rose four feet 
above the surface of the ground. In a well of Mr. 
Brooks, at Hammersmith, the rush of water from a 
depth of 360 feet was so great, as to inundate several 
buildings and do considerable damage ; and at Tooting, 

• Consult H^ricart de Thury*s work on " Puits For^*' 
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fiofiicient stream was obtained to turn a wheel, an 
raise the water to the upper stories of the houses. 
[n the last of three wells bored through the chalk, i 
Tours, to the depth of several hundred feet, the water 
thirty-two feet above the level of the soil, and 
ttie discharge amounted to three hundred cubic yarde 
sf water every twenty-four hours. f 

Excavations have been made in the same way to the 
dep& of eight hundred, and even twelve hundred foM ia 
'Etance (the latter at Toulouse), and without success.l^, 
A similar failure was experienced in 1830, in boring at* 
Calcutta, to the depth of more than 150 feet, through 
dte alluvial clay and sands of Bengal. Mr. Bri^s, 
'die British consul in Egypt, obtained water between 
Cairo and Suez, in a calcareous sand, at the depth ctf 
thirty feet; but it did not rise in the well.§ The 
geological structure of the Sahara is supposed, by Mt 
Btnet, to favour the prospect of a supply of water from 
irteeian wells, as the parched sands on the outskirts of 
liie desert rest on a substratum of argillaceous marL 

The rise and overflow of the water in these wells is 
generally referred, and apparently with reason, to the 
■one principle as the play of an artificial fouatain.. 
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Let the porous stratum, or set of strata a a, rest on 
the im permeable rock d, and be covered by another 
mass of Bit impermeable nature. The wliole mass a a 
ra»y easily, in such a position, become saturated with 
water, which may descend from its higher and exposed 
parts — a hilly region to which clouds are attracted, and 
where rain falls in abundance. Suppose that at some 
point, as at b, an opening be made which gives a free 
passage upwards to Che waters confined in a a at so low 
a level that they are subjected to the pressure of a 
considerable column of water collected in the more 
elevated portion of the same stratum. The water will 
then rush out, just as the liquid from a large barrel 
which is tapped, and it will rise to a height correspond- 
ing to the level of its point of departure, or, rather, 
to a height, which balances the pressure previously 
exerted by the confined waters against the roof and 
sides of the stratum or reservoir a a. In like manner, 
if there happen to be a natural fissure c, a spring will 
be produced at the surface on precisely the same prin- 

Among the causes of the failure of artesian wells, 
we may mention those numerous rents and faulte 
which abound in some rocks, and the deep ravines 
and valleys by which many countries are traversed; 
for, when these natural lines of drainage exist, there 
remains a small quantity only of water to escape by 
artificial issues. We are also liable to be baffled by 
the ^eat thickness either of porous or impervious 
strata, or by the dip of the beds, which may carry off 
the waters from adjoining higli lands, to some trough 
in an opposite direction ; as when the borings are made 

the foot of an escarpment where the strata incline 
I direction opposite to the iace of the 

<Siff». 
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The mere distance of hills or mountains need not 
liacourage us from making trials ; fur the waters which 
'" on these higher lands readily penetrate to great 
itlis through highly inclined or vertical strata, or 
the fissures of shattered rocks, and aller flow- 
B great distance, must often reascend and be 
up again by other fosures, so as to approach 
surbce in the lower country. Here they may be 
incealed beneath a covering of undisturbed horizontal 
ick, which it may be necessary to pierce in order to 
ich [hem. It sliould be remembered, tliat the course 
waters flowing under {ground bears but a remote 
Kniblance to that of rivers on the surface, there 
ing, in the one case, a constant descent from a higher 
R lower level from the source of the stream to the 
ti whereas, in the other, the water may at one time 
ik far below the level of the ocean, and allerwaids 
le again high above it. 

Among other curious facts ascertained by aid of 
e borer, it is proved that in strata of different ages 
ii compositions, there are often open passages by 
\atjb the subterranean waters circulate. Thus, at 
i Ouen, in France, five distinct slieets of water were 
tersected in a well, and from each of these a supply 
Itained. In the third water-bearing stratum, at 
16 depth of 150 feet, a cavity was found in which 
le borer fell suddenly about a foot, and thence the 
Uer ascended in great volume.* Tlie same falling of 
K instrument, as in a hollow space, has been remarked 
lEngland and other countries. At Tours, in I8S0, 
veil was perforated quite through the chalk, when 
ie water suddenly brought up, from a depth of 364 
fcet, D great quantity of fine sand, with much vegetable 

• H. de Thury, p. E95. 
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matter and shells. Branches of a thorn several inches 
long, much blackened by their stay in the water, were 
recognized, as also the stems of marsh plants, and 
some of their roots, which were still white, together 
with the seeds of the same, in a state of preservation 
which showed that they had not remained more than 
three or four months in the water. Among the seeds 
were those of the marsh- plant Gcdium vUginosum; and 
among the shells, a freshwater species {Planorbis 
marginatus), and some land species, as Helix rotundata 
and H. striata, M. Dujardin, who, with others, observed 
this phenomenon, supposes that the waters had flowed 
from some valleys of Auvergne or the Vivarais since 
the preceding autumn.* 

An anal(^ous phenomenon is recorded at Riemke, 
near Bochum in Westphalia, where the water of an 
artesian well brought up, from a depth of 156 feet, 
several small fish, three or four inches long, the nearest 
streams in the country being at the distance of some 
leagues, f 

In both cases it is evident that water had pene- 
trated to great depths, not simply by filtering through 
a porous mass, for then it would have left behind the 
shells, fish, and fragments of plants, but by flowing 
through some open channels in the earth. Such ex- 
amples may suggest the idea that the leaky beds of 
rivers are often the feeders of springs. 

MINERAL AND THERMAL SPRINGS. 

Almost all springs, even those which we consider the 
purest, are impregnated with some foreign ingredients, 

* Bull, de la Soc. G^L de France, torn. i. p. 95. 
t Id. p. 248. 
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which, being in a stale of cliemical solution, are 
intimately blended with the water, as not to affect its 
clearness, while they render it, in general, more agree- 
able to our taste, anil more nutritious than simple 
rain-water. But the springs called mineral contain aa 
unusual abundance of earthy matter in solution, and 
the substances with which they are impregnated cor- 
respond remarkably with those evolved in a gaseotu 
form by volcanos. Many of these springs are thermal, 
and they rise up through all kinds of rock; as, for 
example, through granite, gneiss, limestone, or lava, 
but are most frequent in volcanic regions, or where 
violent earthquakes have occurred at eras compara- 
tively modern. 

The water given out by hot springs is generally 
more voluminous and less variable in quantity at dif- 
ferent seasons than that proceeding from any others. 
In many volcanic regions, jets of steam, called by the 
Italians " stufas," issue from fissures, at a temperature 
high above the boiling point, as in the neighbourhood 
of Naples, and in the Lipari Isles, and are diseng 
unceasingly for ages. Now, if such columns of steam, 
which are of^en mixed with other gases, should be 
condensed before reaching the surface, by coming ii 
contact with strata filled with cold water, they may 
give rise to thermal and mineral springs of every degi 
of temperature. It is, indeed, by this means only, and 
not by hydrostatic pressure, that we can account for thi 
rise of such bodies of water from great depths ; nor cai 
we hesitate to admit the adequacy of the cause, if wi 
suppose the expansion of the same elastic fluids to be 
sufficient to raise columns of lava to the lofly sum 
of volcanic mountains. Several gases, the carbonic acitt 
in particular, are disengaged in a free state from the soi 
I » 3 m 



ia many districts, especially in the regions of active or 
extinct vokanos: and the same are found more or less 
tatimateiy combined with the waters of all mineral 
springs, both cold and thermal. Dr. Daubeny and 
other writers have remarked, not only that these 
springs are most abundant in volcanic regions, but 
that when remote from them, their site usually coin- 
cides with the position of some great derangement in 
the strata ; a fault, for example, or great fissure, indi- 
cating that a channel of communication has been 
opened with the interior of the earth at Bome former 
period of local convulsion. 

The small area of volcanic regions may appear, at 
first view, an objection to this theory, but not so when 
we include earthquakes among the etfects of igneous 
agency. A large proportion of the land hitherto ex- 
plored by geologists, can be shown to have been rent 
or shaken by subterranean movements since the oldest 
tertiary strata were formed. It will also be seen, in the 
sequel, that new springs have burst out, and others 
have had the volume of their waters augmented, and 
their temperature suddenly raised after earthquakes; 
80 that the description of these springs might almost 
with equal propriety have been given under the head 
of " igneous causes," as they are agents of a mixed 
nature, being at once igneous and aqueous. 

But how, it will be asked, can the regions of volcanic 
beat send forth such inexhaustible supplies of water? 
The difficulty of solving this problem would, in truth, 
he insurmountable, if we believed that all the atmo- 
spheric waters found their way into the basin of the 
, ocean; but in boring near the shore, we often meet 
yith streams of fresh water at the depth of several 
HWdred feet below the sea level; and these probably 
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descend, in many cases, far beneath the bottom of the 
Bea, when not artificially intercepted in their course. 
Yet, how much greater may be the quantity of salt 
wBler which sinks beneath the floor of the oci 
through the porous strata of which it is often com- 
])ased, or through fissures rent in it by earthquakes I 
After penetrating to a considerable depth, this water 
niajr encounter a heat of sufficietit intensity to convert 
;o vapour, even under the high pressure to which 
it would then be subjected. This heat would pro- 
i)ri)ly be nearest the surface in volcanic countries, 
&rthest from it in those districts which have been 
Imgeat free from eruptions or earthquakes ; but to 
pursue this inquiry farther would lead us to antici- 
pUe many topics belonging to another division of our 
■ubject. 

It would follow from the views above explained, 
that there must be a two'fold circulation of terrestrial 
OTters ; one caused by solar heat, and the other by 
beat generated in the interior of our planet. 

r that the land would be unfit for vegetation 
deprived of the waters raised into the atmosphere by 

un ; but it is also true that mineral springs e 
powerfiil instruments in rendering the surface sub- 
lervient to the support of animal and vegetable '. 
Their heat promotes the development of the aquatic 
tribes in many parts of the ocean, and the substances 
thich they carry up from the bowels of the earth to 
the habitable surface, are of a nature and in a form 
■hich adapts them peculiarly for tlie nutrition of 
animals and plants. 

As these springs derive their chief importance to 
(he geologist from the quantity and quality of the 
Earthy materials which, like volcanos, they convey 



from below upwards, they may properly be coaalde 
in reference lo the ingredients witli which tliey \ 
impregnated. The)<e consist of almost ail kno 
Bubstatices ; but the most predominant a 
of lime, carbonic and sulphuric acida, iron, 
magnesia, alumine, and salt, besides pctroleunit 
liquid bitumen, and its Tarious modifi cat ions, i 
mineral pitch, naptho, and aspbalcum. 

Calcareous springs, — Our first attention is ni 
directed to springs which are highly charged i 
palcareous matter; for these produce a variety 
phenomena of much interest to tlie geologist 
well known that rain-water has tlie property of ■ 
solving the calcareous rocks over which it Hovs, I 
by these means, matter is often supplied for the 
secretions of testacea, and for the growth of cen 
plants on which they feed, in the smallest ponds I 
rivulets. But many springs hold so much carbo 
acid in solution, that they are enabled to dissolvi 
much larger quantity of calcareous matter than r 
water; and when the acid is dissipated in the aU 
sphere, the mineral ingredients are thrown dowti) 
the form of tufa or travertin. 

Auverffne. — Calcareous springs, although 
abundant in limestone districts, are by no means 
fined to them, but flow out indiscriminately from' 
rock formations. In Central France, a district * 
the primary rocks are unusually destitute of limesUM 
springs copiously charged with carbonate of lime t 
up through the granite and gneiss. Some of b 
are thermal, and probably derive their origin from 1 
deep source of volcanic lieat, once so a 
region. One of these springs, at the northern bate 
the hill upon which Clermont is built, issues te 
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)lcanic peperino, which rests on granite. It has 

formed, by its incrustations, an elevated mound of 

travertin, or white concretionary limestone, 240 feel 

A length, and, at its termination, sixteen feet high 

twelve wide. Another intrusting spring in the 

i department, situated at Chaluzet, near Pont 

[baud, rises in a gneiss country, at the foot of a 

gular volcanic cone, at least twenty miles from any 

rack. Some masses of tufaceous deposit, 

ipduced by this spring, have an oolitic texture. 

VtiiUy of the Elsa. — If we pass from the volcanic 

Itrict of France to that which skirts the Apennines 

the Italian peninsula, we meet with innumerable 

Rings, which have precipitated so much calcareous 

mter, that the whole ground in some parts of 

buany is coated over with travertin, and sounds 

liUaw beneath the foot. 

(In other places m the same country, compact rocks 
ft seen descending the slanting sides of hills, very 
Sdi in the manner of lava currents, except that they 
(e of a white colour, and terminate abruptly when 
ley reach the course of a river. These consist of 
K calcareous precipitate of springs, some of them 
ill flowing, while others have disappeared or changed 
leir position. Such masses are frequent on tlie slope 
fthe hills which bound the valley of the Elsa, one of 
le tributaries of the Arno, which flows near Colle, 
rough a valley several hundred feet deep, shaped 
It of a lacustrine formation, containing fossil shells of 
Uting species. The travertin is unconformable to 
le lacustrine beds, and its inclination accords wich 
le slope of the sides of the valley. 
One of the finest examples which I saw, was at the 
lOlino delle Caldane, near Colic. 
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Tlie Sena, and several other small rivulets which 
feed the Elsa, have the property of lapidifying wood 
and herhs ; and, in the bed of the Elsa itself, aquatic 
plants, such as Charae, which absorb large quantities 
of carbonate of lime, are very abundant. Carbonic 
acid is also seen in the same valley, bubbling up from 
many springs, where no precipitate of tufa is observ- 
able. Targioni, who in his travels has mentioned a 
great number of mineral waters in Tuscany, found no 
difference between the deposits of cold and thermal 
springs. They issue sometimes from the older Apen- 
nine limestone, shale, and sandstone, while, in other 
places, they flow from more modern deposits ; but even 
in the latter case, their source may probably be in or 
below the older series of strata. 

Baths of San Vignone, — Those persons who have 
merely seen the action of petrifying waters in our own 
country, will not easily form an adequate conception 
of the scale on which the same process is exhibited in 
those regions which lie nearer to the active centres 
of volcanic disturbance. One of the most striking 
examples of the rapid precipitation of carbonate of 
lime from thermal waters occurs in the hill of San 
Vignone in Tuscany, at a short distance from Radi- 
cofani, and only a ^evf hundred yards from the high 
road between Sienna and Rome. The spring issues 
from near the summit of a rocky hill, about 100 feet in 
height. The top of the hill is flat, and stretches in a 
gently-inclined platform to the foot of Mount Amiata, 
a lofty eminence, which consists in great part of vol- 
canic products. The fundamental rock, from which 
'he spring issues, is a black slate, with serpentine 
b b, diagram 5.), belonging to the older Apennine 
orm ation. The water is hot, has a strong taste, and, 
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SectiiM qf TramtWn, Sm fignimt, 

wb«n not in very small quantity, is of a bright green 

colgur. So rapid is tlie deposition near the Eource, that 

in the bottom ofa conduit-pipe for carrying off the water 

to the baths, and which is inclined at an angle of 30°, 

half a foot of solid travertin is formed every year. 

A more compact rock is produced where the water 

flows slowly, and the precipitation in wmter, when 

there is least evaporation, is said to be more solid, but 

leas in quantity by one-fourth, than in summer. The 

Tock is generally white; some parts of it are compact, 

.and ring to the hammer ; others are cellular, and with 

tfuch cavities as are seen in the carious part of bone or 

the Biliceous millstone of the Paris basin. A port! 

also below the village consists of long vegetable 

a. Sometimes the travertin assumes precisely the 

ntryoidal and niammillary forms, commoQ to similar 

leposits in Auvergne, of a much older date, hereafter 

to be mentioned ; and, like them, it often scales oiF 

I thin, slightly- undulating layi 

A large mass of travertin (c, diagram 5.) descends 

le hill from the point where the spring issuesi, 

laches to the distance of about half a mile east of > 

o 6 
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VigDone. Tlie buds take tbe slnpe of the hill at about 
an angle of G°, and tlie planes of Gtralificatioii are per- 
fectly parallel. One stratum, composed of many layers, 
ia of a compact nature,' and fifteen feet thick ; it serves 
Bs aa excellent building stone, and a masa of fifleea 
feet in length was, in 1828, cutout for the new bridge 
over the Orcia. Another branch of it (a, diagram 5.) 
descends to the west, for 250 feet in length, of varying 
thickness, but sometimes 200 feet deep: it is then cut 
off by the small river Orcia, precisely as some glaciers 
in Switzerland descend into a valley till their progress 
is suddenly arrested by a transverse stream of water. 

Tlie abrupt termination of the mass of rock at the 
rirer, when its thickness is tmdiminished, clearly eh ovi 
that it would (irtAreed much farther if not arrested b; 
the stream, over winch it impends slightly. But il 
cannot encroach upon the channel of the Orcia, being 
constantly undermined, so that its solid fragments an 
seen strewed amongst the alluvial gravel. However 
enormous, therefore, the mass of solid rock may 
which has been given out by this single spring, 
may feel assured that it is insignificant f 
when compared to that which has been carried to 
sea since the time when it began to flow. What miy 
have been the length of timt period of time, we have 
no data for conjecturing. In quarrying the travertio, 
Roman tiles have been sometimes found at the 
of five or six feet. 

Baths of San Filippo. — On another hill, 
many miles from that last mentioned, and also cod- 
nected with Mount Amiata, the summit of which ti 
about three miles distant, are the celebrated batlis of 
San Filippo. The subjacent rocks consist of altera- 
ations of black slate, limestone, and serpentine, of higUj 



incWd EtratA, belonging to the Apennine furmation, 

and, as at San Vignoncj neai the boundary of a tertiaiy 

basin of marine origin, consisting chiefly of blue argil- 

iaceuus marl. There are three warm springs here, 

coDtaining carbonate and sulphate of lime, and sulphate 

of magnesia. The water which supplies the bath falls 

into a pond, where it has been known to deposit a solid 

insasthirbfjieldiiek, in about twenty yean.* A manu- 

^ctory of medallions in basso-reliovo is carried on at 

tiiese hatha. The water is conducted by canals into 

BBveral pits, in which it deposits travertin aod crystals 

of sulphate of lime. Afler being thus freed from its 

grosser parts, it is conveyed by a tube to the summit 

tf a small chamber, and made to fall through a space 

rften or twelve feet. The current is broken in its 

^descent by numerous crossed sticks, by which the 

tpay is dispersed around upon certain moulds, which 

rubbed lightly over with a solution of soap, and a 

deposition of solid matter like marble is the result, 

pdding a beautiful cast of the Hgures formed in the 

luld.-!- The geologist may derive from these esperi- 

Ipents considerable light, in regard to the high inclin- 

Dn at which some semicrystalline precipitations can 

formed; for some of the moulds are disposed almost 

perpendicularly, yet the deposition is nearly equal in 

all parts. 

A hard stratmn of stone about a foot in thickness, is 
obtained from the waters of San Filippo in four months ; 
md, as the springs are poweri'ul, and almost uniform 
h the quantity given out, we are at no loss to com- 

Dr. Grotae on the Balhi of San Filippo. Ed. PhiL Joum. 
I'wl. iL p. S9S. 
I tld.p.297- ' \ 
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prebend the magnitude of the mass which deEceod^ 
the hill, which is a mile and a quarter in length aii<3 
the third of a mile in breadth, in some places attaining 
K thickness of 250 feet at least. To ivhat length iC 
might have reached it is impossible to conjecture, as 
it IB cut off, like the travertin of San Vignone, by O 
small stream, where it terminates abruptly. The 
remainder of the matter held in solution ia carried on ~ 
probably to the sea. 

Spheroidal structure in travertiji. — But what renders 
this recent calcareo-magnesian limestone of peculiar 
interest to the geologist, is the spheroidal form which 
it assumes, offering so striking an analogy, on tlie one 
hand, to the concentric structure displayed in the cal- 
careous travertin of the cascade of Tivoli, and, on the 
other, to the spheroidal form of the English magnesiaD 
limestone of Sunderland. Between this latter and 
many of the appearances exhibited at San Filippo, and 
several other recent deposits of the same kind in Italy, 
I recognized every feature of resemblance ; the same 
combination of concentric and radiated structure, with 
small undulations in each concentric ring, occasional 
interferences of one circle with another, and a small 
globular structure subordinate to the large spheroidal, 
with frequent examples of lamins passing off from the 
external coating of a spheroid into layers parallel to 
the general plane of stratification. There are bIbo 
cellular cavities and vacuities in the rock, constituting 
what has been termed a honeycombed texture. The 
lamination of some of tlie concentric masses of San 
Filippo is so minute, that sixty may be counted in the 
thickness of an inch. Yet, notwithstanding thew I 
marks of gradual and successive deposition, the sym- j 
letry and magnitude of many of the spheroidal fonatfl 
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night convey the idea, that tlie whole was the result 
of chemical action, simultaneously operating on a 
great mass of matter. 

The concretionary forms of our magnesian limestone 
We been supposed by some to have been superinduced 
alter the component parts of the rock had been brought 
It^ether ia stratiform masses ; but a careful comparison 
of those older rocits with the numerous travertins now 
in progress of formation in Italy has led me to a diiFer- 
txt conclusion. Such a structure seems to be the 
result of gradual precipitation, and not of the subsequent 
rearrangement of the particles. * Each minute 
particle of foreign matter, a reed, or the fragment of 
I shell, forms a nucleus, around which accessions of 
Dew lamina? are formed, until spheroids and elongated 
tones, from a few inches to several feet in diameter, 
Ire produced; for, as the precipitate is arranged by 
the force of chemical affinity, and not of gravity, the 
different layers continue of the same thickness, and 
preserve the original form of the nucleus. 

e structure of the English mBgneaian limestone haa been 
fccnralely described, in an elaborate paper on Ihal formation, by 
^roressor Sedgwick. Geol. Trans, vol. 3. second scries, part L 
p. 37. Eiamples of almost all the modifications of cancretionaiy 
aTTBDgement, together witli the brecciated and honej'Cooibed 
Ibucture to ubich he alludes, may be found either in the deposit! 
tf trsiertin springs in various parts of Italy, or in the suba^ueoai 
ertina of Auvergne and Sicily, — the former of lacustrine, tha 
V of submarine origin. After eiaminlng these more recent 
Miti, I Yisited Sunderland, and recognized a degree of identitj 
[le »ariouB and complicated forms there assumed by tlie mag' 
kenan limestone, which satisfied me that the circumstances under 
lAich Ihej were formed must hayc been strictly analogous t* 
Oder which the mineral springs of volcsmic couuttiei.Mre 
)M>w ^ving rise lo calcareous and iialcareo- siliceous rocks. 
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Bidkami of Viterho, — I must not attempt to deBcribe 
all the places in Italy where the constant formation of 
limestone may be seen, as on the Silaro, near Pa'stum, 
on the Velino at Terni, and near the Bulicami, or hot 
baths in tbe vicinity of Vitcrbo. About a mile end a 
halt' north of the latter tonn, in the midst of a sterile 
plain of volcanic sand and ashes, a monticule is seen, 
about twenty feet high and five hundred yards in cir- 
cumference, entirely composed of concretionary traver- 
tin. The laminEc are extremely thin, and tlieir minute 
undulations are so arranged, that the whole mass has at 
once a concentric and radiated structure. This rock 
has been largely quarried for hme, and much of It 
appears to have been removed. It lias evidently been 
formed gradually, like the conical mounds of the geysers 
In Iceland, by a small jet or fountain of calcareous 
water, which overflowed from the summit of liw 
monticule. A spring of hot water still issues in tJ 
neighbourhood, which is conveyed to an open tai 
used as a bath, the hottom and sides of which, as w( 
as the open conduit which conveys tlie water, ai 
encrusted with travertin. 

Campagna di Roma. — Tlie country around Ronut 
like many parts of the Tuscan States already referred 
to, has been at some former period the site of num< 
volcanic eruptions ; and the springs are still copioud| 
impregnated with lime, carbonic acid, and sulphuretted 
hydrogen. A hot spring has lately been discovered 
near Civita Veccbia, by Signor Riccioli, which depositf 
alternate beds of a yellowish travertin, and a white' 
granular rock, not distinguishable, in band specimen^ 
either in grain, colour, or composition, from statuaij 
marble. There is a passage between this and ordinaif 
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travertin. The mass accumulated near the spring is in 
some places about six ieet thick ■• 

Lahe of the Sol/atara. — In the Campagna, between 
fiome and Tivoli, is the lake of the Soli^tara, called 
also Lago di Zolfo (lacus albula), into which flows 
continually a stream of tepid water, from a smaller 
lake situated a few yards above it. The water ia a 
saturated solution of carbonic acid gas, which escapes 
from it in such quantities in some parts of its surface, 
that it has the appearance of being actually in ebullition. 
« I have found by experiment," says Sir Humphry 
Davy, " that the water taken from the most tranquil 
part of the lake, even after being agitated and exposed 
to the air, contained in solution more than its own 
volume of carbonic acid gas, with a very small qi^antity 
of sulphuretted hydrogen. Its high temperature, which 
Is pretty constant at 80° of Fahr., and the quantity of 
taffbonic acid that it contains, render it peculiarly fitted 
3 afford nourishment to vegetable life. Tlie banks 
of travertin are everywhere covered with reeds, lichen, 
confervs, and various kinds of aquatic vegetables; 
end at the same time that the process of vegetable 
life is going on, the crystallizations of the calcareous 
matter, which is every where deposited in conse* 
quence of the escape of carbonic acid, likewise pro- 
ceed, — There is, 1 believe, no place in the world 
where there is a more striking example of the opposj' 
tJon or contrast of the laws of animate and inanimate 



I did not visit this spring myself, but Signor Riccioli, whoH 

uinlance witb Ibe geology ot the enviiona of Rome is well . 

WD, &v(>ureid me witb an iospection of a suite of specimens | 

nUected from the spot. Broci'lii, a few years before liis deatb, 

" id U» locality in compaay with Signor Riccioli. 
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nature, of tlie forces of inorgaoic chemical eSinity, and 
those of the powers of life."" 

The same observer informs us, that he fixed a stick 
in a mass of travertin covered by the water in the 
month of May, and in April foUowiog he had some 
difficulty in breaking, with a sharp-pointed hammer, 
the mass which adhered to the stick, and which wu 
several inches in thickness. The upper part was a 
mixture of light tufa and the leaves of conferva: 
below this was a darker and more solid travertin, con- 
taining black and decomposed masses of contervx; a 
the inferior part the travertin was more solid, and ofi 
grey colour, but with cavities probably produced byUie 
decomposition of vegetable matter.f 

Tlie stream which flows out of this lake fills a canal 
about nine feet broad and four deep, and is consjiicuDut 
in the landscape by a line of vapour which rises from 
it. It deposits tufa in this channel, and the Tiber 
probably receives from it, as well as from numeroui 
other streams, much carbonate of lime in solutioo, 
which may contribute to the rapid growth of its deJt* 
A large proportion of the most splendid edifices of W- 
cient and modern Home are built of travertin, derived 
from the quarries of Ponte Leucano, where there bat 
evidently been a lake at a remote period, on the saiDf 
plain as that already described. But the consideration 
of these would carry us beyond the times of hisKH?' 
and 1 shall conclude with one more example of ^ 
calcareous deposits of this neighbourhood, — those o" 
the Anio. 

Travertin of Tivoli. — The waters of tlie Anio 

• Consolations in Travel, p. 123—135. 
t Id. p. i-n. 
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ncrust the reeds which grow on its banks, and the 
oam of the cataract of Tivoh forms beautiful pendant 
Italactites; but, on the sides of the deep chasm : 
irhich the cascade thrown itself, there is seen 
Bxtraordinary accumulation of horizontal berls of tufa 

travertin, from four to five hundred feet i 
thickness. Tiie section immediately under the temples 
of Vesta and the Sibyl, displays, in a precipice about 
fijur hundred feet high, some spheroids which are from 
tixto eight feet in diameter, each concentric layer being 
about the eighth of an inch in thickness. The annexed 
diagram exhibits about fourteen feet of this immense 
mass, as seen in the path cut out of tJie rock in descend- 
ing from the temple of Vesta to the Grotto di Nettuno. 
I have not attempted to express in this drawing the 
innumerable thin layers of which these magnificent 
spheroids are composed, but the lines given mark 
Mtne of the natural divisions into which they are 
leparated by minute variations in the size or colour of 
the lamiuffi. The undulations also are much smaller, 
in proportion to the whole circumference, than in the 
drawing. The beds a a are of hard travertin and soft 
tafa; below them is a pisolite (&), the globules being 
of different sizes : underneath this appears a mass o 
concretionary travertin (c c), some of the spheroids 
being of the above-mentioned extraordinary size. In 
NUne places (as at d) there is a mass of amorphous 
limestone, or tufa, surrounded by concentric layers. 
At the bottom is another bed of pisolite (&), in which 
the small nodules are about the size and shape of 
'>eans, and some of them of filberts, intermixed witll 
some smaller oolitic grains. In the tufaceous Btratflj 
Wood is seen converted into a light tufa. 

The following seems the most probable explanatioi 




m (iT Spheroidat CoHeretionars Trawrii 



of the origin of the rock in this singular pcwid 
Tlie Aaio flows throug'h a deep irregular G 
gorge in the Apennine limestone, which inaj t 
been cauBed by eartiiquakcs. In this deep i 
channel there existed many small lakes, three of whi 
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liBve been destroyed since the time of history, by the 
erosive action of the torrent, the lost of them having 
Temaiiied down to the sixtli century of our era. 

We may suppose a similar Jake of great depth to 
faeve existed at some remote period at Tivoli, and 
that, into this, the waters, charged witli carbonate of 
&me, fell from a height inferior to that of the present 
cascade^ Having, in their passage through the upper 
hskea, parted with their sand, pebbles, and coarse 
Kdiment, they only introduced into this lower pool 
drift-wood, leaves, and other buoyant substances. In 
seasons when the water was low, a deposit of ordinary 
tu&, or travertin, formed along the bottom ; but at 
other times, when the torrent was swollen, the pool 
Bust have been greatly agitated, and every small 
particle of carbonate of lime which was precipitated 
must have been whirled round again and again in 
various eddies, until it acquired many concentric coats, 
so as to resemble oolitic grains. If the violence of the 
notion be sufficient to cause the globule to be sus- 
pended for a sufficient length of time, it would grow 
to the size of a pea, or much larger. Small fragments 
pf vegetable sterna being incrusted on the sides of the 
Mream, and then washed in, would form the nucleus 
of oval globules, and others of irregular shapes would 
be produced by the resting of fragments for a time on 
Ae bottom of the basin, where, after acquiring an uru 
equal thickness of travertin on one side, they would 
l^^n be set in motion. Sometimes globules, projecting 
febove the general level of a stratum, would attract, by 
Bhemical affinity, other matter in the act of precipit-i 
Ktion, and thus growing on all sides, with the exception ' 
pf the point of contact, might at length form spberoidjl 
nearly perfect and many feet in diameter. Masses 
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might increase above and below, so that i 
section might afterwards present the phenomenoa 
t Tivoli, where the nucleus of some of ( 
c circles has the appearance of having hi 
suspended, without support, in the water, imlili 
became a spheroidal mass of great dimensions. 

It is probable that the date of the greater poll 
of this calcareous formation may be anterior to 
era of history, for we know that there was a p 
cascade at Tivoli in very ancient times ; but, in 
upper part of the travertin, is shown the hollow ! 
by a wheel, in which the outer circle and the spd 
have been decomposed, and the spaces which tl 
filled have been left void. It seems imposEiUs 
explain the position of this mould, witliout suppa 
that the wheel was imbedded before the lake t 
drained. 

Calcareous springs in the Caucagm, — FallaB, ii 
journey along the Caucasus, a country now sul^ 
&om time to time, to be rent and fissured by violc^ 
earthquakes, enumerates a great many hot springSi 
which have deposited monticules of travertin preciselj 
analogous in composition and structure to tho« (" 
the baths of San Filippo and other localiti 
When speaking of the tophus-stone, as he terms II 
limestones, he often observes that il 
description which is very applicable to the r 
of the deposit at San Filippo, where it lias not b 
darkened by weathering. In many localities Ja ■ 
regions betweeo the Caspian and Black Seas, t 
Bubterranean convulsions are fi-equent, travellers B 
tion calc-sinter as an abundant product of hot s| 
Near the shores of the Lake Urmia (oi 
for example, a marble which is much used u 
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mental architecture is rapidly deposited by a thermal 
spring.* 

It is probable that the zoophytic and shelly lime- 
stones, which constitute the coral reefs of the Indian 
and Pacific Oceans, are supplied with carbonate of lime 
and other mineral ingredients by submarine springs^ and 
that their heat, as well as their earthy and gaseous 
contents, may promote the development of corals, 
sponges, and testacea, just as vegetation is quickened 
by similar causes in the lake of the Solfatara before 
described. But of these reefs and their probable 
origin I shall again have occasion to speak in the 
third book. 

Sulphureous and gypseous springs, — All other 
mineral ingredients wherewith springs in general are 
impregnated, are insignificant in quantity in compa- 
rison to lime, and this earth is most frequently com- 
bined with carbonic acid. But, as sulphuric acid and 
sulphuretted hydrogen are very frequently supplied 
by springs, gypsum may, perhaps, be deposited largely 
in certain seas and lakes. The gypseous precipitates, 
however, hitherto known on the land, appear to be 
confined to a very few springs. Those at Baden, near 
Vienna, which feed the public bath, may be cited as 
examples. Some of these supply, singly, from 600 to 
1000 cubic feet of water per hour, and deposit a fine 
powder, composed of a mixture of sulphate of lime, 
with sulphur and muriate of lime.f 

Siliceous springs, — Azores, — In order that water 
should hold a very large quantity of silica in solution, 

* Hoff, Geschichte, &c. vol. ii. p. 114. 

t C. Frevost, Essai siur la ConstitutioD PhTtnque du Baidii lU 
Vienne, p. 10. 
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it seems necessary that it should be raJBed to a btgi 
temperature ■ ; aiid as it may retain a greater hea 
under the pressure of ttie sea than in the atmosphere, 
submarine springs may, perhaps, be more charged 
with silex than any to which we have access. The 
hot springs of the Valle das Furnas, in the Island 
of St, Michael, rising through volcanic rocks, preci- 
pitate vast [[uan titles of siliceous sinter, as ilisusuallj 
termed. Around the circular basin of the largttt 
spring, called " the Caldeira," which is between 
twenty and thirty feet in diameter, alternate layert 
are seen of a coarser variety of sinter mixed with 
clay, including grass, ferns, and reeds, In differeal 
states of petrilaction. Wherever the water has flowed, 
sinter is found rising in some places eight or ten inchn 
above the ordinary level of the stream. Tlie herbage 
and leaves, more or less incrusted with silex, are aii 
to exhibit all the successive steps of petrifaction, froni 
the soft state to a complete conversion into Btone;but 
in some instances, alumina, which is likewise deposited 
from the hot waters, is the mineralizing material 
Branches of the same ferns which now flourish to 
the island, are found completely petrified, preeef- 
ing the same appearance as when vegetating, except 
that tliey acquire an ash-gray colour. Fragments of 
wood, and one entire bed from three to five feflC^ 
depth, composed of reeds now common 
have become completely mineralized. 

The most abundant variety of siliceous sinter 
in layers from a quarter to half an inch in thicknei'i 
accumulated on each other often to tlie height of» 
foot and upwards, and constituting parallel, and 
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the most part horizontal, strata many yards in extent. 
Thji sinter has uflen a beautiful semi -opalescent lus- 
Ire. One of the varieties diflers from that of Iceland 
ud Ischia in the larger proportion of water it con- 
king, and in the absence of alumina and lime. A re- 
Knt breccia is also in the act of forming, composed 
if obsidian, pumice, and scoriic, cemented by sihceous 
ifcler.' 

I Geysers t^ Iceland. — But the hot springs in various 
lirts of Iceland, particularly the celebrated geysers, 
the most remarkable example of the deposition 
i siJex.-f The circular reservoirs into which the 
lasers (all, are filled in the middle with a variety of 
p«l, and round the edges with sinter. The plant! 
■crusted with the latter substance have much the 
me appearance as those incrusted with calcareous 
i& in our own country. The solution of the silex 
supposed to be promoted by the presence of some 
ineral alkali. In some of the thermal waters of 
beland a vesicular rock is formed, containing por- 
jons of vegetables, more or less completely silici- 
ied. Amongst the various products also of springs in 
due island, is that admixture of clay and silica, called 
tt^li. 

laekia. — It has been found, by recent analysis, that 
Kreral of the thermal waters of Ischia are impregnated 
with a certain proportion of silica. Some of the hot 
ra|)ours of that island are above the temperature of 
boiling water : and many fissures, near Monte Vieo, 
Ihrough which the hot steam passes, are coated with 

' Dr. Webaler, on the Hot Springs of FuraM, Ed. Phil. 
J«im., Tol. »(. p. 606. 
t Swaeut of the Icelandic gevaer, Book II. part 2. chap. 9. 
VOL. I. P 
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a siliceous incrustation, first noticed by Dr. Thotnpif 
under the name of fiorite. 

Ava, Sfc. — It has been often stated that the Dam 
has converted the external part of the piles of Trajiul 
bridge into silex ; the Irawadi, in Ava, has been 
posed, ever since the time of the Jesuit Padre Duchtll 
to have the same petrifying power, as also Loug 
Neagh, in Ireland, Modern researches, howevei 
the Burman empire, have thrown doubt upon 
lapidifying property of the Ava river"; there is 
tainly no foundation for the story in regard to Lou^ 
Neagh, and probably none in regard to the Danube. 

Mineral waters, even when charged with a sm 
proportion of silica, as tliose of Ischia, may so]^ 
certain species of corals and sponges with matter ' 
their siliceous secretions ; but wlien in a void 
archipelago, or a region of submarine volcanos, th 
■re springs so saturated with silica as Chose of IcelaS 
or tlie Azores, we may expect layers and nodules 
silex and chert to be spread out far and wide n 
the bed of the sea, and interstratified with shelly H 
calcareous deposits, which may be forming ther^ 
with matter derived from wasting cliffs or volca< 
ejections. 

Ferruginous sprijigs. — The waters of almost i 
springs conta" 

familiar to all, that many of thi 
impregnated with this metal, as t 
herbage through which they pass, 
sand and gravel into solid masses, 
then, conclude that this iron, which is constantly 

• Dr. Butkiand, Geol. Trans., second series, loL ji. p»rti 
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veyed from the interior of the earth into lakes and seas, 
and whicli does not escape again from them into 
atmosphere by evaporation, must act as a colouring 
and cementiog principle in the subaqueous deposits 
now in progress. It will be afterwards seen that many 
mtl other rocks in the sedimentary strata of 
s and seas are bound together or coloured 
by iron, and this fact presents us with a striking point 
of analogy between the state of things at very different 
epochs. In those older formations we meet with great 
abundance of carbonate and sulphate of iron ; and 
chalybeate waters at present, this metal is most fre- 
quently in the state of a carbonate, as in those of Tun- 
bridge, for example. Sulphuric acid, however, is often 
the solvent, which is in many cases derived from the 
decomposition of pyrites. 

Srme springs. — Cheshire. — So great is the quan- 
tity of muriate of soda in some springs, that they yield 
one fourth of their weight in salt. They are rarely, 
however, so saturated, and generally contain, inter- 
mixed with salt, carbonate and sulphate of lime, mag- 
nesia, and other mineral ingredients. The brine springs 
of Cheshire are the richest in our country ; those of 
Barton and Northwich being almost fully saturated. 
These brine springs rise up through strata of sandstone 
and red marl, which contain large beds of rock salt. 
The origin of the brine, therefore, may be derived 
in this and many other instances from beds of fossil 
salt ; but as muriate of soda is one of the products of 
volcanic emanations and of springs in volcanic regions, 
the original source of salt may be as deep seated as 
that of lava. 

Dtad Sea. — The waters of the Dead Sea contain 
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scarcely any thing except muriatic salts, which \mdi 
countenance, observes Dr. Daubeny, to the volcanic 
origin of the surrounding country, these salts beiDg 
frequent products of volcanic eruptions. Many springi 
in Sicily contain muriate of soda, anil the " fiume 
Galso," in particular, is impregnated with so large i 
quantity, that cattle refuse to drink of it. 

Auvergne. — A hot spring, rising through granite, 
at Saint Nectaire, in Auvergne, may be mentioned a 
one of many, containing a large proportion of muriate 
of soda, together with magnesia and other ingredients.* 

Carbonated springs. — Auvergne. — Carbonic acid 
gas is very plenlifully disengaged from springs is 
almost all countries, but particularly near active or 
extinct volcanos. Tliis elastic fluid has the proper^ 
of decomposing many of the hardest rocks with which 
it comes in contact, particularly that numerous dan 
in whose composition felspar is an ingredient. It 
renders the oxide of iron soluble in water, and con- 
tributes, as was before stated, to the solution oT 
calcareous matter. In volcanic districts these gaseooi 
emanations are not confined to springs, but rise up in 
the state of pure gas from the soil in various placet. 
The Grotto del Cane, near Naples, afibrds an example, 
and prodigious quantities are now annually disengaged 
from every part of the Limagne d'Auvergne, where it 
appears to have been developed in equal quantity 
from time immemorial. As the acid is invisible, it is 
not observed, except an excavation be made, wherein 
it immediately accunmlates, so that it will extinguish 
a candle. There are some springs in this dittrict, 
where the water is seen bubbling and boiling up with 
much noise, in consequence of the abundant disengage- 

* Annate* de I'AuTergnt!, lome i. p. 234. 
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merit of this gaa. The wliole vegetation is alFected, 
and many trees, such as llie walnut, flourisli more 
luxurianlly than they would otherwise tlo in the same 
Mi! and climate, — the leaves probably absorbing car- 
bonic acid, This gas is found in springs rising through 
ibe granite near Clermont, as well as in the tertiary 
IrmeBtones of the Limagne." in the environs of Poot- 
Gibaud, not far frnm Clermont, a rock belonging to 
the gneiss formation, in which lead-mines are worked, 
has been found to be quite saturated with carbonic acid 
giB, which is constantly disengaged. The carbonates of 
iron, lime, and manganese are so dissolved, that the 
ntk is rendered sotY, and the quartz alone remains 
IDattacked.f Not far oif is the small volcanic cone 
f Chaluzet, which once broke up through the gneiss, 
i sent forth a lava-stream. 

ion of granite. — The disintegration of 
nite is a striking feature of large districts in 
^e, especially in the neighbourhood of Gler. 
Tliis decay was called by Dolomieu, " la 
idie du granite ;" and the rock may with propriety 
I to have the rot, for it crumbles to pieces in 
nd. The phenomenon may, without doubt, be 
Bribed to the continual disengagement of carbonic 
s from numerous fissures. 
1 the plains of the Fo, between Verona and Parma, 
scially at Villa Franca, south of Mantua, 1 observed 
t beds of alluvium, consisting chiefly of primary 
1 percolated by spring water, charged with 
ite of lime and carbonic acid in great abun- 
They are for the most part incrusted with 

■ LeCoq, AnnalenderAuvcrgne, tomei. p. SI 7. Msj, lf)38. 
t Ann. Scicnt it I'Auvcrgne, tomeiE. June, I8S9. 



cdc-MUer; aad the tnunded blocks of gneiSB, nhidt. 
!«■« all the outward i^ipea»Dce of solidity, have bedi 
■D ilwiiifyMrid bjr the carbonic acid as readily to (U^' 
Ivpteexs. (f 

Tbe mbtnctiaa of maaj of the elements of rocktl 
b^ the KilTeBt psvB' of carbonic acid, ascending boft|| 
m I gueoiB state and mixed with spring-water in tbt: 
avwic a of rodo, must be one of the most powerfU'i 
ta ar cea of iboae intemal changes and re-arrangemenltj 
of particle* so otHea observed in strata of every a^ i 
Hke caksneons laaner, for example, of shells is oflct : 
entirely retDOTed and replaced by carbonate of iro^ , 
pyrites, sOex, or some other ingredient, such as nincol I 
waters usaally ctntain in solution, it rar«Iy happeiM^ I 
exc^t in limestone rocks, that the carbonic acid cm • 
dissotTe all the ctmstituent parts of the mass ; and fir i 
this reason, probably, calcareous rocks are almost di I 
only oaes in which great careras asd long windiif 
passages are found. i 

Pemleum tprimgs. — Springs impregnated with pC ' 
troleum, and the various minerals allied to it, Ml 
bitumen, naphtha, asphaltum, and pitch, are Mffj 
numerous, and are, in many cases, undoubtedly coV ' 
nected with subterranean fires, which raise or sublaaa 
the more subtle parts of the bituminous roaUai 
eoDtained in rocks. Jfany springs in the terriui^ 
(£ Modena and Parma, in Sicily, produce petndeiM,. 
in abundance ; but the most powerful, perhaps, ytf 
known, are those on the Irawadi, in the BumuW 
empire. In one locality there are said to be £01 
wells, which yield annually 400,000 h<^sheads «f' 
petroleum." 

• Sjmei, Embnij to AiB, iqL ii. — Geol. Tntm., meaU 
i> <roL iL p«tiii. p. 388. 
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j Fluid bitumen is seen to ooze from the bottom of 
the sea, on both sides of the island of Trinidad, and to 
rise up to the surface of the water. Near Cape La 
Braye there is a vortex which, in stormy weather, 
according to Captain Mallet, gushes out, raising the 
water five or six feet, and covers the surface for a 
considerable space with petroleum, or tar ; and the 
flame author quotes Gumilla, as stating in his " De- 
scription of the Orinoco," that, about seventy years 
ago, a spot of land on the western coast of Trinidad, 
near half-way between the capital and an Indian 
lillage, sank suddenly, and was immediately replaced 
by a small lake of pitch, to the great terror of the 
inhabitants.* 

Pitch lake of Trinidad. — It is probable that the 
^eat pitch lake of Trinidad owes its origin to a 
umilar cause; and Dr. Nugent has justly remarked, 
tiiat in that district all the circumstances are noir 
combined from which deposits of pitch may have 
originated. Tiie Orinoco has for ages been rolling 
^wn great quantities of woody and vegetable bodies 
into the surrounding sea, where, by tlie influence of 
currents and eddies, they may be arrested and accu- 
i^ulated in particular places. The frequent occurrence 
flf earthquakes and other indications of volcanic action 
in those parts lend countenance to the opinion, that 
these vegetable substances may have undergone, by 
Jhe agency of subterranean fire, those transformations 
tmd chemical changes which produce petroleum, and this 
may, by the same causes, be forced up to the surface) 
where, by exposure to tite air, it becomes inspissated, 
and forms the different varieties of pure and earthy 
pitch, or asphaltum, so abundant in the island. -|- 
• Dr. Nugent, Geol Trans, vol. i. p. 69. f lEud. p. ET. 
P 4 
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The bitumiiiouB shales, bd common in geoli^cal 
FarmatioDS of different ages, as also meny stratified 
deposits of bitumen and pitch, seem clearly to atten 
that, at former periods, springs, in various parts of the 
world, were as commonly impregnated as now with 
bituminous matter, carried down, probably, by rivers 
into lakes and seas. It will, indeed, be easy to shov, 
that a large portion of the liner particles and the 
more crystalline substances found in sedimentary rocks 
of different ages are composed of the same element) 
as are now held in solution by springs, while the 
coarser materials bear an equally strong resemblance 
to the alluvial matter in the beds of existing torrenU 
and rivers. 
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CHAPTER IV. 

RBPBOrnCTIVE EPPECTa or KVNMNIi WATER. 

Beproductive effects of running water — Division of Deltas into 
lacustrine, medilerraQean, andoCEanie — Lake deltas — Growlh 
of the delta of tbc Hhone in the Lske of Geneva— Chrono- 
logical computations of the age of deltas — ReceoL depouts in 
Lake Superior — Deltas of inland seas— Rapid sliallowing of 
the Baltic — Supposed gradual elevation of t))c coast of Scan- 
dinavia — Elevated lieaches on the coast of Sweden — Marine 
delta of the Rhone — Various proofs of its increase- Stony 
nature of its deposits — Delia of the Po, Auige, Isonzo, and 
other rivers entering the Adriatic — Rapid conversion of that 
gulf into land — Mineral cbaroctera of the new deposits — 
Delta of the Nile — Its increase since the time of Homer- 
lis growth fflif checked at present. 

' Having considered the destroying and transporting 
agency of running water, we have now to examine the 
reproductive effects of the same cause. The aggre- 
gate amount of deposits accumulated in a given time 
at the mouths of rivers, where they enter a lake or 
aea, affords clearer data for estimating the energy of 
the excavating power of running water on the land, than 
the separate study of the operations of the same cause 
in the countless ramifications into which every great 
lystem of valleys is divided. I shall therefore proceed 
to select some of the leading facts at present ascer- 
tiuned respecting the growth of deltas, and shall then 
offer some general observations on the quantity of 
sediment transported by rivers, and the manner of its 
distribution beneath the waters of lakes and seas. 
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Division ofdetlat into lacustrint, mediterranean, ami 
oceanic. — Deltas may be divided into, first, those 
which are formed in lakes; secondly, those in inland 
seas ; and thirdly, those on the borders of the ocem. ' 
The most characteristic distinction between the lacut- 
trine and marine deltas consists in the nature of the 
organic remains, which become imbedded in thdi 
deposits, for, in the case of a lake, it is obvious that 
these must consist exclusively of such gener& of 
animals as inhabit the land or the waters of a river 
or lake; whereas, in the other case, there will bean 
admixture and most frequently a predominance of 
animals which inhabit salt water. In regard, however, 
to the distribution of inorganic matter, the deposits of 
lakes and inland seas are formed under very analogoui 
circumstances, and may be distinguished from those 
on the shores of the great ocean, where the tides 
co-operating with currents give rise to another class 
of phenomena. In lakes and inland seas, even of the 
largest dimensions, the tides are almost insensible, but 
the currents, as will afterwards appear, Eometimes run 
with considerable velocity. 



DELTAS IN LAKES. 

Lake of Geneva. — It is natural to begin our examin- 
ation with an inquiry into the new deposits in lakeii 
as they exemplify the first reproductive operations in 
which rivers are engaged when they convey the de- 
tritus of rocks and the ingredients of mineral spring) 
from mountainous regions. The accession of new land 
at the mouth of the Rhone, at the upper end of the 
Lake of Geneva, or the Leman Lake, presents us witb 
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>o example of a considerable thickness of strata which 
have accumulated since the historical era. Tins sheet 
ef water is about thirty-seven miles long, and Its breadth 
I IB from two to eight miles. The shape of the bottom 
|i« very irregular, the depth having been found, by late 
i«ieasuremeDts, to vary from 20 to 160 fathoms.* The 
.Uione, where it enters at the upper end, is turbid and 
Ibcoloured ; but its waters, where it issues at the town 
if Geneva, are beautifully clear and transparent. An 
^cient town, called Port Vallais, (Portus Valesiie of 
'tte Romans,) once situated at the water's edge, at the 
itpper end, is now more than a mile and a half inland, 
•—this interveriing alluvial tract having been acquired 
Sb about eight centuries. The remainder of the delta 
consists of a flat alluvial plain, about five or sis miles 
':fa length, composed of sand and mud, a little raised 
labove the level of the river, and lull of marshes. 

Mr. De la Beche found, afler numerous soundings 
'is all parts of the lake, that there was a pretty unifonn 
iiepth of from 120 to 160 fathoms throughout the cen- 
!feal region, and, on approaching the delta, the shal- 
lirwing of the bottom began to be very sensible at a 
Vstance of about a mile and three-quarters from the 
l&outh of the Rhone ; for a line drawn from St, Gin- 
Ijoulph to Vevey, gives a mean depth of somewhat less 
^''han six hundred feet, and from that part to the Khone, 
the fluviatile mud is always found along the bottom. f 
We may state, therefore, that the strata annually pro- 
duced are about two miles in length : so that, notwith- 
Itanding the great depth of the lake, the new deposits 
Ire not inclined at a high angle ; the dip of the beds, 

• Dela Becho, Ed. PiiiL Jouni. Tol.i!. p. 107. Jan. 18S0. 
t De la Becbe, MS. 
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indeed, ia so slight, that they would be termed, id 
nary geological language, horizontal. 

The strata probably consist of alternations of Gnu 
and coarser particles, for, during the hotter montha 
from April to August, when the snows melt, the voliatt 
and velocity of the river are greatest, and large quaB> 
titles of sand, mud, vegetable matter, and drift-wooi 
are introduced ; but, during the rest of the year, th> 
influx is comparatively feeble, so much so, that tin 
whole lake, according to Sauesure, stands six feet 
lower. If, then, we could obtain a section of the SPr 
cumulation formed in the last eight centuries, *t 
should see a great series of strata, probably from 6S0 
to 900 feet thick, and nearly two miles in length, iiK 
dined at a very slight angle. In the mean time, I 
great number of smaller deltas are growing around titf 
borders of the lake, at the mouths of rapid torrenl^ 
which pour in large manses of sand and pebbles. Hif 
body of water in these torrents is too small to eniUt 
them to spread out the transported matter over M 
extensive an area as the Rhone. Thus, for exampki 
there is u depth of eighty fathoms within halfamik. 
of the shore, immediately opposite the great toireilt 
which enters east of Itipaille, so that the dip of the 
strata in that minor delta must be about four timM 
as great as those deposited by the main river at the 
upper extremity of the lake.* 

Chronological computatiims of the age oftUllat. — Tta 
capacity of this basin being now ascertained, it wouhl 
be an interesting subject of inquiry, to determine 
what number of years the I-eman Lake will be coi^ 
verted into dry land. It would not be very difficult ta 

* De U Beche, MS. 
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at IcMt to die quanth}- of lum; re<iair«d 

It of the remit. The nuntber i>f 

&ct if water annually dischaxgeil by th« river 

the Uke being ^timaled, experunents might be 

Mde in the winter and summer months, to delemtine 

proportion of matter held in suspension or in che- 

al Bolution by the Rhone. It irouM be also neces- 

r to allotr tor the heavier matter drilled along at the 

Ktom, which might be estimated on hydrostatictd 

inciples, when the average size of the gravel and the 

lume and velocity of the stream at different seasoni 

lere known. Supposing all tliese observations to have 

made, it would be more easy to calculate the fit- 

than the former progress of the delta, because it 

tould be a laborious task to ascertain, with any de- 

« of precision, the original depth and extent of that 

t of the lake which is already tilled up. Even ifthii 

Kfbrmation were actually obtained by borings, it would 

ily enable us to approximate within a certain number 

f centuries to the time when the llhone began to form 

present delta ; but this would not give ua the date 

if the origin of the Leman Lake in its present foriHi 

tecauae the river may have flowed intn it for tliouaandt 

if years, without importing any sediment whatever. 

Such would have been the case, if the waters had firM 

Bassed through a chain of upper lakes ; and that ' ' * 

iras actually the fact, is indicated by the course 

pthone between Martigny and the Lake of (ienei 

Hill more decidedly, by the channels of maiiy 

principal feeders. 

' If we ascend, for example, the valley through whiki 
lihe Dranse flows, we find that it consists of a succeuion 
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of basioB, one above the other, in each of which there 
is a wide expanse of flat alluvial lands, separated trom 
the next basin by a rocky gorge, once evidently the 
barrier of a lake. The river has filled these lakes, one 
after the other, and has partially cut through the bar- 
riers, which it is still gradually eroding to a gr 
depth. The examination of almost all valleys in moun- 
tainous districts affords similar proofs of the obhMi> 
ation of a series of lakes, by the filling up of hollows 
and the cutting through of rocky barriers — a procea 
by which running water ever labours to prodi 
more uniform declivity. Before, therefore, we caa 
pretend even to hazard a conjecture as to the era it 
which any particular delta commenced, we must bt> 
thoroughly acquainted with the geographical featiirtf^< 
and geological history of the whole system of higher'' 
valleys which communicate with the main stream 
all the changes which they have undergone since tte: 
last series of convulsions which agitated and altered'*' 
the face of the country. 

The probability, therefore, of error in our chrono*' 
logical computations, where we omit to pay due atteo* 
tion to these circumstances, increases in proportion ts 
the time that may have elapsed since the last disturi>- 
aace of the country by subterranean movements, and 
in proportion to the extent of tlie hydrographical 
on which we may happen to speculate. Tlie AlpliM' 
rivers of Vailais are prevented at present from contri*'' 
buting their sedimentary contingent to tlie lower dellS' 
of the Rhone in the Mediterranean, because they an 
intercepted by the Leman Lake; but when this is filled ' 
tUey will transport as much, or nearly as much, matter 
to the sea as they now pour into that lake. They will 
then flow tlirough a long, flat, alluvial plain, between 
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Villeneuve and Geneva, from two to eight miles in 
breadth, which will present no auperfjcial marks of the 
existence of a thickness of more than one thousand 
feet of recent sediment below. Many hundred alluvial 
tracts of equal, and some of much greater area, may 
be seen if we follow up the Rhone from its termina- 
tion in the Mediterranean, or explore the valleys of 
many of its principal tributaries. 

What, then, shall we think of the presumption of De 
Luc, Kirwan, and their followers, who confidently de- 
duced from the phenomena of modern deltas the recent 
origin of the present form of our continents, without 
pretending to have collected any one of the numerous 
data by wliicli so complicated a problem can be solved ? 
Had Ihey, after making all the necessary investiga- 
tions, succeeded in proving, as they desired, that the 
lower delta of the Rhone, and the new deposits at the 
mouths of several other rivers, whether in lakes or seas, 
had required about four thousand years to attain their 
present dimensions, the conclusion would have been 
fttai to the chronological theories which they were 
anxious to confirm. 

Liohe Superior. — Lake Superior is the largest body 
of fresh water in the world, being about 1500 geogra- 
phical miles in circumference, when we follow the 
sinuosities of its coasts, and its length, on a curved 
line drawn through its centre, being about 360, and 
its extreme breadth 140 geographical miles. Its ave- 
rage depth varies from SO to 150 fathoms; but, ac- 
cording to Captain Bayfield, there is reason to think 
that its greatest depth would not be overrated at two 
bondred fathoms*, so that its bottom is, in some parts, 

• Trans- of IJi- snd Hisi. Sjc of Quebec, tol, i, p, 5. 1S29. 
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Dearly BJv hundred feet below the level of the Atlantici 
its surface about as much above it, TTiere are ap- 
pearances in different parts of this, as of the other 
Canadian lakes, leading us to infer that lis water? 
formerly occupied a much higher level than they reach 
at preseot ; for at a considerable distance from ihe pre- 
sent shores, parallel lines of rolled stones and shells arc 
seen rising one above the other, like the seats of 
amphitheatre. These ancient lines of shingle are e 
actty similar to the present beaches in most bays, a 
they often attain an elevation of forty or fifty feet above 
the present level. 

Ab the heaviest gales of wind do not raise the water* 
more than three or four feet", the elevated beacbet 
must either be referred to the subsidence of the lalce 
at former periods, in consequence of tlie wearing down 
of its barrier, or to the upraising of the shores by 
earthquakes, like those which have produced similar 
phenomena on the coast of Chili. The streams which 
discharge their waters into Lake Superior are severil 
hundred in number, without reckoning those 
size; and the quantity of water supplied by them 
many times greater than that discharged at the Fi 
of St. Mary, the only outlet. The evaporation, thi 
fore, is very great, and such as might be expected 
so vast an extent of surface. 

On the northern side, which is encircled by prij 
mountains, the rivers sweep in many large bouli 

* Caplnin BajGelil remarks, tliaC Dr. Bigsb<ri to whom wtMVJ 
iudebled for wversi (.'Oinmunications respecting the gealogjr 'tb 
the Canadian lakes, Has miainfanned by the fur uaders in itgm^ 
to the eitTBordinaij height (twenlj or Ihinj feet) to which 10 
asserts that the aulumna] gales will raise Ihe water of Lika' 
Sjperior. — Ibid. p. T. 



irilh smaller gravel and sand, chiefly compoaed of 

jjtioitic and trap rocks. There are also currents in 

'&e lake, in various directions, caused by the continued 

(Tevaleoce of strong winds, and to their influence we 

Kty attribute the diffusion of finer mud far and wide 

great areas ; fur, by numerous soundings mad^ 

bring the late survey, it was ascertained tbat the 

bttom consists generally of a very adhesive clay, 

btaining shells of the species at present existmg in 

b lake. When exposed to the air, this clay inime- 

Kely becomes indurated in so great a degree, as to 

ire a smart blow to break it. It effervesces 

itly with diluted nitric acid, and is of different 

arB in different parts of the litke ; in one district 

|ie, in another red, and in a third white, hardening 

va substance resembling pipe-clay.* From the§e 

tements, the geologist will not fail to remark how 

ely these recent lacustrine formations in America 

^pjmble the tertiary argillaceous and calcareous marls 

lacustrine origin in Central France. In both caseB, 

nny of the genera of shells most abundant, as Lymnea 

HH Flanorbis, are the same ; and in regard to other 

Bines of organic remains, there must be the closest 

0^ogy, as I shall endeavour ni( 

pnra speaking of the imbedding o 

t recent deposits. 
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slants and animals 



d diminution of level in the Saltic. — Having 
I "ma briefly considered some of the lacustrine deltas 
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now in progress, we may next turn our attention ti 
those of inland seaa. 

The Ehallowing and conversion into land of man] 
parts of the Baltic, eepecially the Gulfs of Bothnia anli 
Finland, have been demonstrated by a series of ac 
rate observations, for which we are in a great meas 
indebted to the animated controversy which has b 
kept up, since the middle of the last century, concerns 
ing the gradual lowering of the level of the Baltki 
Celsius, the Swedish naturalist, first originated t 
idea, that from the earliest times there had beeajk 
progressive fall of about forty-five inches in a centui^ 
in the mean level of the waters of that sea. 3t 
contended that this change rested not only on moden 
observations, but on tlie authority of the ancioii' 
geographers, who stated that Scandinavia was formeilf 
an island. By the gradual depression of the Ul|i 
tbat great island, he said, became connected with thf 
continent; and this event happened afler the timeflF- 
Pliny, and before the ninth century or 

To the arguments urged in support of these posititKN^ 
his opponents objected that the ancients were so Igir 
norant of the geography of the most northern parts of 
Europe, that their authority was entitled to no weighty 
and that their representation of Scandinavi 
island, might with more propriety be adduced Is 
prove the scantiness of their information, than t 
confirm so bold an hypothesis. It was also remarked 
that if the land which connected Scandinavia with tl 
main continent was laid dry between the time tt. 
Pliny and the ninth century, to the extent to whidt 
it is known to have risen above the sea at the lattc^ 
period, the rate of depression could not have been 
uniform, as was ptetendei, twe 'it oo.^^, ta have & 
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much more rapidly between the ninth and eighteenth 
centuries. 

Many of the physical proofs reiied on hy Celsius 
snd his followers show clearly that they did not suffi- 
ciently distinguish between the shallowing of the 
water by deposition of fresh sediment, and that which 
might arise from a subsidence of the sea. By tlieir 
own statements, it appeared that the accessions of 
new land, and the loss of depth, were at the mouths 
of rivers, or in certain deep bays, into which it is well 
known that sand and mud are carried by currents. 
As LHustrating, however, the gradual conversion of the 
Gulf of Bothnia into land, their observations deserve 
great attention. Thus, for example, they pointed out 
the fact, that at Pitea half a mile was gained in forty-, 
&ve years, and at Lulea no less than a mile in twenty- 
eight years. Ancient ports on the same coast had 
become inland cities. Considerable tracts of the gulf 
were rendered three feet shallower in the course of 
fifty years — many old fishing-grounds had been 
changed into dry land — small islands had been 
joined to the continent. According to Linna;u3, the 
annual increase of land on the eastern side of Goth- 
land, near Hobui^, had been for ninety years at the 
rate of from twelve to eighteen feet in extent.* 

Besides these changes, it was asserted that, along 
the southern shore of the Baltic, particularly in West 
Prussia and Pomerania, anchors and sunk ships had 
been discovered far inland; and although these oc- 
currences were partly accounted for by the mere 
lilting up of river'beds, yet the tradition seems 
worthy of credit, that a bay of the sea penetrated, 

• Linn, de tell, habit. iDCTero. ' 
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Bt a remote period, much farther to the south 
direction. 

Other arguments of Celsius were derived from thl 
alleged exposure of certain insular rocks in H^ 
Bothnian and other bays, which were declared 
have been once entirely covered with water, 1 
which had gradually protruded themselves morel 
more above the waves, until, in the course of about 
century and a half, they grew to be eight feet hi 
Of this phenomenon the following explanation i 
offered by his opponents. The islands in questfa 
consisted of sand and drift-stones, and the wai 
during great tempests, threw up new matter u| 
them, or converted shoals into islands. Sometimj 
also, icebergs, heavily laden witli rock, were Btraan 
on a shoal or driven up on a low island i and wll| 
they melted away, they left a mass of debris, mR 
feet in height. 

BrowalHus, and other Swedish naturalists, poioti 
out that some of these islands were lower than fi 
merly ; so that, by reference to this kind of evideM 
there was equally good reason for contending that i 
level of the Baltic was gradually rising. They ll 
added another curious and very conclusive proof 
the permanency of the water-level lor many centuril 
On the Finland coast were some large pines, groi 
dose to the water's edge ; these were cut down, 
by counting the concentric rings of annual growtl^i 
seen in a transverse section of the trunk, it 
demonstrated that they had stood there for 
hundred years. Now, according to tlie Celsian " 
thesis, the sea hud sunk about fiileen feet during 
period, in which case the germination and 
growth of these pines must have been for 
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Kons below the level of the water. In like 

was shown, that the lower walls of many ancient 
eattles, such as tliose of Sonderburg and Abo, reached 
the water's edge, and must, therefore, accord- 
ilg to the theory of Celsina, liave been originally 
sonstructed below the level of the sen. 

Another uoanswerable argument in proof of the sta- 
taily of the level of the Baltic was drawn from the 
nUnd of Salthulm, not far from Copenhagen. Thii 
fle is so low that, in autumn and winter, it la perma- 
iBDtly overflowed; and it is only dry in summer, 
Ihen it serves for pasturing cattle. It appears, from 
reinnents of the year 1280, that this island was then 
1 the same state, and exactly on a level witi) the 
height of the sea, instead of having been twenty 
^t under water, as it ought to have been according to 
lie computation of Celsius. Several towns, also, on 
fte shores of the Baltic, as Lubeek, Wismar, tlostock, 
itialsund, and others, after six and even eight hundred 
.iirs, are as little elevated above the sea as at the 
ra of their foundation, being now close to the water'i 
dge. The lowest part of Dantzic was no higher 
Un the mean level of the sea in the year 1000; and 
fter eight centuries its relative position remains exactly 
ibsame." 

These facts sulficiently demonstrate tliat the watert 
iV the Baltic are not retiring everywhere; accordingly, 
iBaussman and Von Buch, both of whom are intimately 
Ifequunted with the Scandinavian peninsula, have 
idrBDced the opinion, that the land itself bordering a 
QiiBlderabte part of the Baltic is slowly and insensibly 
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rising. Tlie attention excited by this subject in the 
eady part of the last century induced many of the 
Swedish philosophers to determine, by a series of 
observations, the mean height of the waters of thi 
Baltic ; and under their direction, hnes representu 
the true elevation were chiselled out upon the rock 
at different favourable positions along the 
Similar observattonB have since been repeated : 
various intervals, the most recent and extend 
having been made in 1821, under the joint direct^ 
of the Swedish Academy and the Russian MinisB 
of Marine. The result, we are assured, of all the 
comparative admeasurements is, that along the g 
part of the Baltic the mean level of the w 
. from three to five feet in a century, or about one fa 
in every twenty-five years- 
Mr. Johnston, in a recent paper o 
states, that, after a careful inspection 
particularly the shores of Lake Maeler 
waters around Stockholm, he " 
that a change in the relative position of land and at 
is in progress. Several of the small peninsulas, '. 
says, on which the city and suburbs stand, wc 
formerly islands ; and during the summer of 1832, tn 
canals were in progress across narrow necks of Ian 
for the purpose of reviving a communication, said t 
have been interrupted by the gradual elevation of tli 

• On the Eletalion of Land in Scandinavia, Ed, New Ptd 
Joura. No. 39. p. S4. Ttie facts stated iti ibis Dtemuir ha 
induced me eomewhat to modiff the opinion cipressed in fans 
editions, respecting the rise of part of Scandinavia. 1 am wilUi 
to hope that a personal examination of the country will sn 
entirely remove tioia my mind all remaining sceptimioi. 
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country. A small part of the lower city of Stockholm 
IB built upon piles, and tlie security, therefore, of the 
buildings depends upoo the piles being constantly 
vinder water. But after a lapse of years, some of 
tliein were observed to be giving way, and on search- 
ing for the cause, it was found that the sinking of the 
water had gradually left bare their tops, and exposed 

itbem to decay. The same author remarks, that the 
WuthemmoBt part of the coast of Sweden, and pro- 
.faably a part of Finland, and the whole southern shores 
of the Baltic, do not participate in this elevatory 
movement, which, nevertheless, prevails through a tract 
of country, stretching from the head of the Bothnian 
IGolf to Norkoping, south of Stockholm ; a tract about 
equal in length from N. to S. to the whole of England 
proper. 

Mr. Everest, in his late work (Travels through 
Norway), informs us that the small island of Alunk. 
holm, on the shores of Norway, affords conclusive 
evidence of the land having in that region remained 

I- Mationary for the last eight centuries. The area of 
tbtB isle does not exceed that of a small village, and 
by an official survey, its highest point has been deter- 
mined to be twenty-three feet above the mean high 
water mark, that is, the mean between neap and spring 
tides. Now, a monastery was founded there by Canute 
the Great, A-D. 1028, and thirty-three years before 
that time it was in use as a common place of execution. 
According to the assumed average rate of rise in 
Sweden (about forty inches in a century), we should 
be obliged to suppose that this island had been three 
feet eight inches beiow high water mark when it 

L vas originally chosen as the site of the monastery. 

I Now one ground of reluctance which we naturally 
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entertain towards the proposed theory of elevation i» 
thisi that so many of the phenomena iirst quoted in sup- 
port of it are sucli as may be observed generally at the 
mouths of rivers, on coasts where we know that there is 
no uplifting of the country in progress, Al the saaje 
time it must be conceded, that if the shores and bed 
of the Baltic are gradually rising, the appearances 
which would first strike every observer would be the 
rapid gain of land on those spots where the sea had 
previously been rendered shallow by the importation of 
sediment by rivers aud currents. At a distance from 
these points, where the scarped granitic rocks plunge at 
once into deep water, a very considerable rise of the 
coast would be require^ to produce any conspicuous 
cliange in the relative area of sea and land. 

The next objection that arises, is the absence of all 
traces of volcanic action in Norway and Sweden ; and 
the fact that no countries have been more eotirdy 
free from earthquakes, since the times of authentic 
history. In common witli our own island, and, indeed, 
with almost every spot on the globe, they have ex- 
perienced some slight shocks at certain periods, as 
during the earthquake of Lisbon, and on a few other 
occasions, but these may rather be considered ai 
prolonged vibrations in the shell of the earth, extend- 
ing in the manner of sounds through the air to almost 
indefinite distances, than as those violent movements 
which in the great regions of active volcanos change, 
from time to time, the relative level of the land aud 

Besides these objections, the variations of level in 
voloanic countries, so far as they have yet been observed, 
take place by starts, and not by a succession of small 
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{m perceptible alterations, as is described to be the 
'case in Scandinavia. 

The next source of doubt which may reasonably 
'fuggest itself, is founded on the difficulty of deter- 
mining with minute exactness the mean level of the 
'oea, even where there are no tides, as in the Baltic. 
'It is known that this sea is raised several feet, 
'lowered to the same amount, by the prevalence of 
'easterly or westerly winds. The surveyors, it is true, 
"in 1821, were on their guard as much as possible 
i^ainst this cause of deception ; endeavouring I 
approximate to the true level of the waters, by taking 
the mean between the maximum and minimum of 
their height. But it is quite conceivable, that i 
damming back of the waters, by a different set of the 
currents, might exist at one period and not at another. 
The evaporation of the Baltic is known to be insuf- 
ficient to counterbalance the influx of river-water of 
which it is the receptacle, so that it is brackish, an 
' nearly fresh in some parts as to be inhabited by 
i&uviatile testacea. Its condition is the converse of 
that of the Mediterranean, which is only enabled to 
' maintain its level by borrowing largely from 
Atlantic ; whereas the Baltic is said, like the Black 
Sea, to discharge upon the whole a considerable body 
of surplus water. Suppose the tides, which enter by 
' three distinct narrow channels, the Belts and the 
Sound, to have occasioned at some former period a 
greater obstruction to the free evacuation of the 
inland sea, so that the mean level of the Baltic v 
permanently higher. Let us then imagine such a 
widening or deepening of the channels of efflux, f 
let out the waters more freely ; this would produce a 
fall in their level, without in the slightest degree 
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ofiectiDg the general level of the German Ocean and 
Atlantic. If, however, it can be placed beyond all 
doubt, that in a narrotr gulf, such as that of Bothnia, 
there has been an apparent sinking of the waters on 
one side at Stockholm, to the amount of several feel, 
and none within the same period on the opposite coait 
ml Abo, it will then be impossible to explain the phe- 
numena by any conjecture of this kind. 

Such, then, being the present state of the evidence 
M> &r as it is derived firom history and recent ob- 
Keriration, we may next inquire whether the geologid 
can discover any signs of the upheaving of the Scan> 
dinavian coasts, witliin periods which he is entitled 
to term tnodern in his chronology. 

Such indications have certainly presented themselves 
Von Buch discovered in Norway, and at UddevaUa 
in Sweden, beds of shells of existing species at conik 
siderable heights above the level of the water. SincS 
that time, several other naturalists have confirmed bb 
observations ; and, according to Strom, some deposils 
occur at an elevation of more than four hundred 
feet above the sea, in the northern part of Norway. 
M. Alex. Brongniart, who has lately visited Uddevalli 
in Gotheborg, a port at the entrance of the Balti<v 
informs us that the principal mass of shells in the 
creek of Uddevalla rises about two hundred feet above 
the level of the sea, resting on rocks of gneiss. AB 
the species are identical with those now inhabi^ng 
the contiguous sea, and are for the most part entire^ 
although some of them are broken, as happens on • 
sea-beach. They are nearly free from any admlxtun 
of earthy matter. On our own coasts, the rocki^' 
where they are alternately submerged and laid dry bf 
liie ebbing and flowing tide, ore frequently covered, 
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with barnacles or balani, which are firmly attached : 
now, on examining with care the smooth surface of 
the gneiss, immediately above the ancient shelly 
beach at Uddevalla, M. Brongniart found, in a similar 
manner, balani adhering to the rocks, so that there 
can be no doubt that the sea had for a long period 
sojourned on the spot* 

These high beaches establish the important, and 
certainly very unexpected fact, that the Norw^ian 
and Swedish coasts have changed their level greatly 
within the present geological era, or since the waters 
were inhabited by species now our contemporaries. 

If the ancient beach at Uddevalla were brought 
into its present position by a process as slow and 
gradual as that which Is now supposed to elevate the 
Swedish coast, the operation must have required about 
five thousand years for its accomplishment, and, accord- 
ing to the same computation, some deposits of recent 
ehellfi in Norway may be of twice that antiquity; but 
it would be necessary to have the recorded observations 
of many thousand years, before we could presume to 
ascribe so uniform a rate to the upheaving force. 

In regard to the possible causes of a gradual upward 
movement of a large district, they will be more ap- 
propriately discussed, when the nature of volcanic 
agency shall come under review. It is enough at 
present to state, that there is a considerable deposition 
of sediment going on in the Baltic, by which it is 
becoming converted into land; but that, in addition to 
this cause, it is the general belief not only of the people 
of Sweden generally, but of their philosophers, as also 
of several scientific foreigners who have travelled 
that country, that the waters are retreating fi-om 
* Tableau dea Temiui^ Sec. p.B9. ISSS. 
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land, even where not dispossessed of their place if 
the influx of sediment. 

Delta of the Rhojte. — We may now turn our ^ 
tentioQ to some of the principal deltas of the Medltefi 
ranean, for no other inland sea alfords so many exampUi 
of accessions of new lands at the mouths of rivers witbib 
the records of authentic history. The lacustrine debt 
of the Rhone in Switzerland has already been con^ 
sidered, and its contemporaneous marine delta mayDOV 
be described. Scarcely has the river passed out oT 
the Lcman Lake, before its pure waters are ag^ 
tilled with sand and sediment by the impetuous AnQ 
descending from the highest .lips, and bearing alixig 
in its current the granitic detritus annually broo^ 
down by the glaciers of Mont Blanc. Tlie RhW 
afterwards receives vast contributions of transpoTtd 
matter from tlie Alps of Daupliiny, and the priroa^ 
and volcanic mountains of Central France ; and whoi 
at length it enters the Mediterranean, it discolourt 
the blue waters of that sea with a whitish eedimeiiq 
for the distance of between six and seven milMi 
throughout wliich space the current of fresh » 
is perceptible. 

Proofs of its increase since historical periodi. — StndxA 
description of the delta is so inapplicable to its preH4' 
configuration, as to attest a complete alteration ii 
physical features of the country since the Augusts 
age. It appears, however, that the head of the delUll 
or the point at which it begins to ramify, has retnainei' 
unaltered since the time of Pliny, for he states thai 
the Rhone divided itself at Aries into two arms. ThI 
is the case at present ; one of the branches being n 
calledLepetitRhdne, which is again subdivided b 
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'wae of the de!ta, in the last eighteen centuries, is 

Oemonstrated by many curious antiquarian tnonu- 

tnenlE. The most striking of these is the great 

detour made by the old Roman road from Ugernum 

Id Beziers (part of tbe high road between Aix, Aqufe 

Sextia:, and Nismes, Nemausus). It is clear that, 

when this was first constructed, it was impossible 

*) pass in a direct line as now, across the delta, and 

tliat either the sea or marshes intervened in a tract 

aow consisting of terra firma.* Astruc also remarks, 

that ail the places on low lands, lying to the north of 

the old Roman road between Nismes and Bcziers, 

fcave names of Celtic origin, evidently given to them 

hy the first inhabitants of the country ; whereas the 

_'^ces lying south of that road, towards the sea, have 

liaines of Latin derivation, and were clearly founded 

sfter the Roman language had been introduced. 

Another proof, also, of the great extent of land 

nrhich has come into existence since the Romans con- 

i^uered and colonized Gaul, is derived from tbe fact, 

-ttiat the Roman writers never mention the thermal 

vaters of Balaruc in the delta, although they w 

veil acquainted with those of Aix, and others, still 

more distant, and attached great importance to tbem, 

U they invariably did to all hot springs. The waters 

rf Balaruc, therefore, must have formerly issued under 

the sea — a common phenomenon on the borders 

the Mediterranean ; and on the advance of the delta 

Ihey continued to flow out through the new deposits. 

Among the more direct proois of the increase of 
W, we find that Mese, described under the appella- 
lion of Mesua Collia by Poraponius Mela f, and stated 

• Ml^m. d-;t3truc, riled by Von Hoff, vol. i. p. S2S. 
+ Lib. 11. c. V. 

Q 3 
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by him to be neaiiy an island, is now lar inUnd. 
Notre Danie de3 Ports, also, was a harbour L 
but is i)ow a league from tlie shore. Psalmodi wits 
an island id 815, and is now two leagues from the sea. 
Several old lines of towers and sea-marLs occur itl 
different distances from the present coast, all bdica- 
ting the successive retreat of the sea, tor each line bn 
in its turn become useless to mariners ; which mij' 
well be conceived, when we state tlial the tower of 
Tignaux, erected on tlie shore so late as the year 17S7, 
is already a French raUe remote from it.* 

By the confluence of the Rlione and the current) 
of the Mediterranean, driven by winds from the «< 
sand-bars are oflen formed across the mouths of the 
river: by these means considerable spaces beconM 
divided off from tlie sea, and subsequently from the 
river also, when it shifts its cliannels of efflux, 
aome of these lagoons are subject to the occasional 
ingress of the river when flooded, and of the ses 
during storms, they are alternately salt and frerfw 
Others, after being tilled with salt water, are ofteD 
lowered by evaporation till they become more salt rl 
the sea ; and it has happened, occasionally, that ■ 
considerable precipitate of muriate of soda has take" 
place in these natural salterns. During the laitei 
part of Napoleon's career, when the excise laws w 
enforced with extreme rigour, the police was employed 
to prevent such salt from being used. The fiuviatilc 
and marine shells enclosed in these small lakes o 
live together in brackish water ; but the uncongenili 
nature of the fluid usually produces a dwarfish tia, 

■ Bouche, Chorographie et Hisl. de Provence, voL i. p- W> 
cited by HotC; vol. i. p. ^90. 
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and sometimes gives rise to strange varieties in form 
and colour. 

Captain Smyth, in the late survey of the coast of 
the Mediterraneaa, found the sea, opposite the mouth 
of the Rhone, to deepen gradually from four to forty 
ftthoms, within a distance of six or seven miles, over 
which the discoloured fresh water extends ; so that 
the inclination of the new deposits must be too slight 
to be appreciable ia such an extent of section as a 
geologist usually obtaicis in examioing ancient form- 
ations. When the wind blew from the south-west, the 
ships employed in the survey were obliged to quit 
their moorings; and when they returned, the new 
aand-banka in the delta were found covered over with 
a great abundance of marine shells. By this means, 
we learn how occasional beds of drifted marine shells 
may become interstratified with fresh-water strata at 
a river's mouth. 

Sbmi/ nature of its deposits. — That a great propor- 
tion, at least, of the new deposit in tlie delta of the 
Shone consists of rock, and not of loose incoherent 
matter, is perfectly ascertained. In the Museum at 
Montpellicr is a cannon taken up from the sea near 
the mouth of the river, imbedded in a crystalline cal- ■ 
careous rock. Large masses, also, are continually taken 
up of an arenaceous rock, cemented by calcareous 
matter, including multitudes of broken shells of recent 
species. The observations recently made on this 
subject corroborate the former statement of Marsilli*, 
that the earthy deposits of the coast of Languedoc 
form a stony substance, for which reason lie ascribed 
a certain bituminous, saline, and glutinous nature to 

• HUt. Fhya. de la Mer. 
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the substances brought down with sand by the Rbone. 
If the Dumber of iiuii«a] springf charged with cat- 
booale of lime which &1I into the Rhtme and its 
tee<lers in diSerent parts of France be considered, we 
shall feel no surprise at the lapidilicatron of the neoly- 
d^iosited sediment in this delta. It should be remem- 
bered, that the freeh water introduced by rirers, being 
lifter than the water of the sea, doats over thi 
latter, and remains upon the sur^ce for a consid^able 
distance. Consequently, it is exposed to as much 
evaporation as the waters of a lake ; and the area oca 
which the river-water is spread, at the junction of 
great rivers and the sea, may well be compared, io 
point of extent, to that of considerable takes. 

Now, it is well known, that so great is the quantivr 
of water carried off by evaporation in some lakes, tbit 
it is nearly equal to the water flowing in ; and in gome 
inland seas, as the Caspian, it is quite equaL W« 
may, therefore, well suj^se, that, in cases where ■ 
strong current does not iaterfere, the greater portioii 
not only of the matter held mechanically in suspeiisiaD> 
but of that also which is ui chemical solution, ma; he 
precipitated at no great distance from tbe shore. When 
these finer ingredients are extremely small ia quantit;> 
they may only suffice to supply crustaceous animala, 
corals, and marine plants, with the earthy particle* 
necessary for their secretions ; but whenever it is b 
excess (as generally happens if the basio of a river lie 
partly in a district of active or extinct volcanos), tlKo 
will solid deposits be formed, and the sliells will it 
once be included in a rocky mass. 

Delta of tlie Po. — The Adriatic presents a greM 
combination of circumstances favourable to the rajrid 
formation of deltas — a gulf receding far into the lund. 



a. IV.] DELTA OF THE PO, 345 

■^•a sea without tides or strong currents, and the 
ibflux of two great rivers, the Po and the Adige, 
besides numerous minor streams, draining on the one 
Mde a great crescent of the Alps, and on the other 
IHtne of the loftiest ridges of the Apennines. From 
Ifae northernmost point of the Gulf of Trieste, where 
^ Isonzo enters, clown to the south of Ravenna, 
^ere is an uninterrupted series of recent accessions 
jf land, more than one hundred miles in length, 
p^tich, within the last two thousand years, have in- 
tveased from tivo to twentij miles in breadth. The 
•onzo, Tagliamento, Piave, Brenta, Adige, and Po, 
besides many other inferior rivers, contribute to the 
j^vance of the coastline, and to the shallowing 
tt the gult The Po and the Adige may now be 
iODsidered as entering by one common delta, for two 
Itanchea of the Adige arc connected with arms of 
bePo. 

I In consequence of the great concentration of the 

looded waters of these streams since the system of 

(mbankment became generol, the rate of encroach- 

iaent of the new land upon tlie Adriatic, especially at 

Aiat point where the Po and Adige enter, is said to 

(kftve been greatly accelerated. Adria was a seaport 

^ the time of Augustus, and had, In ancient times, 

'given its name to the gulf; it is now about twenty 

Italian miles inland. Ravenna was also a seaport, and 

is now about four lUlian miles from the main sea. 

.^et even before the practice of embankment was io- 

^duced, the alluvium of the Po advanced with rapidity 

the Adriatic ; for Spina, a very ancient city, ori- 

|mally buUt in the district of Ravenna, at the mouth 

"a great arm of the Po, was, so early as the com- 

Q 5 
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■Bencemoit of our era, eleren Italian miles diiUnl 
from the sea.* 

The greatxst depth of the Adriatic, between Dtil- 
roada aod the mouths of the Po, is twenty-two fathomi; 
but a large part of the Gulf of Trieste and the Adristics 
opposite Venice, b less than twelve fathoms deep. 
Farther to the south, where it is less affected by the 
influx of great rivers, the gulf deepens coneideraUj- 
Donati, after dredging the bottom, discovered the new 
deposits to confiist partly of mud and partly of rodi, 
the latter formed of calcareous matter, encrusting 
■hells. He al»o ascertained, that particular spedei of 
testacea were grouped together in certain places, sod 
were becoming slowly incorporated with the mod, « 
calcareous precipitates, f OHvi, also, found some de- 
posits of sand, and others of mud, extending half nf 
across the gulf; and he states that their distributioii 
along the bottom was evidently determined t^ the 
prevailing current4 It is probable, therefor^ thit 
the finer sediment of all the rivers at the head of tbe 
Adriatic may be intermingled by the influence of die 
current; and all the central parts of the gulf may be 
considered as slowly filling up with horizontal depoatfc 
precisely similar to those of the Subapennine liiilli 
and containing many of the same species of shelb- 
The Po merely introduces at present fine sand and 
mud, for it carriea no pebbles farther than the ipM 
where it joins the Trebia, west of Piacenza. New 
the northern borders of the basin, the Isonzo, Taglis- 
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mento, and many other streams, are forming immense 
beds of sand and some conglomerate) for here some 
high mountains of Alpine limestone approach within a 
few miies of the sea. 
Ij, In the time of the Romans, the hot-baths of Mon- 
^^cone were on one of several islands of Alpine linie- 
Mone, between which and the mainland, on the north, 
was a channel of the sea, about a mile broad. This 
channel is note converted into a grassy plain, which 
surrounds the islands on all sides. Among the nume- 
rous changes on this coast, we find that the present 
channel of the Isonzo is several miles to the west of 
its ancient bed, in part of which, at Ronchi, the old 
Roman bridge which crossed the Via Appia was lately 
found huried in fluviatile silt 

Notwithstanding the present shallowness of the 
Adriatic, it is highly probable that its original depth 
was very great ; for if all the low alluvial tracts were 
taken away from its borders and replaced by sea, 
the high land would terminate in that abrupt manner 
which generally indicates, in the Mediterranean, a 
great depth of water near the shore, except in those 
spots where sediment imported by rivers and currents 
has diminished the depth. Many parts of the Medi- 
terranean are now ascertained to be above two thou- 
sand feet deep, close to the shore, as between Nice 
and Genoa; and even sometimes six thousand feet, as 
near Gibraltar. When, therefore, we find, near Parma, 
and in other districts in the interior of the peninsula, 
beds of horizontal tertiary marl attaining a thickness 
of about two thousand feet, or when we discover strata 
of inclined conglomerate, of the same age, near Nice, 
.measuring above a thousand feet in thickness, a^d 
IwxtendiDg seven or eight miles in \ensftv, "«^\i^'^^ 
i Q 6 
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nothing which the analogy of the deltas in the Adrialic 
might not lead us to anticipate. 

Delta of the iVife.— That Egypt was " the gift of the 
Nile," was the opinion of her priests before the time 
of Herodotus ; but we have no authentic memorials 
for determining, with accuracy, the additions made 
from time to time to the habitable surface of thai 
country. We know that the base of the delta 
has been considerably modified since the days of 
Homer. The ancient geographers mention aeren 
principal mouths of the Nile, of which the most 
eastern, the Pelusian, has been entirely silted up, ard 
the Mendesian, or Tanitic, has disappeared. The 
Phatnitic mouth, and the Sebenitic, have been so 
altered, that the country immediately about them hsi 
little resemblance to that described by the ancient*. 
The Bolbitine mouth lias increased in its dimensions, 
so as to cause the city of Rosetta to be at some dis- 
tance from the sea. 

But the alterations produced round the Canopic 
mouth are the most important. The city Foah, which, 
so late as the beginning of the fifteenth century, ww 
on this embouchure, is now more than a mile inland. 
Canopus, which, in the time of Scylax, was a desolite 
insular rock, has been connected with the firm land; 
and Pharos, an island in times of old, now belongi 
to the continent. Homer says, its distance fron 
Egypt was one day's voyage by sea.* That thi« 
should have been the case in Homer's time, Lircher 
and others have, with reason, affirmed to be in the 
highest degree improbable ; but Strabo has judiciouslj 
anticipated their objections, observing, that Homer wM 
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probably acquainted with the gradual advance of the 
^d on this coast, and availed himself of this pheno- 
menon to give an air of higher antiquity to the remote 
period in which he laid the scene of his poem.* The 
'■Late Mareotis, also, together with the canal which 
nuinected it with the Canopic arm of the Nile, has 
been filled with mud, and is become dry. Herodotus 
observes, " that the country round Memphis seemed 
fi>nnerty to have been an arm of the sea gradually 
.jfiled by the Nile, in the same manner as the Mean- 
fier, Aclieluus, and other streams, had fonned deltas. 
.'Egypt, therefore, he says, like tlie Red Sea, was 
(Wee a long narrow bay, and both gulfs were separ- 
(ated by a small neck of land. If the Nile, he adda, 
' ihould by any means have an issue into the Arabian 
.Gulf, it might choke it up with earth in twenty thou- 
LHtnd, or even, perhaps, in ten thousand years; and 
tVhy may not the Nile have tilled with mud a Btill 
.peater gulf in the apace of time which has passed 
k4tefore our age?"! 

;- Mud of die Nile.— The analysis of the mud of the 
IrKile gives nearly one half of argillaceous earth, and 
(iabout one fourth of carbonate of lime, the remainder 
cootisisting of water, oxide of iron, and carbonate of 
,Biagnesia.t 

ll The depth of the Mediterranean is about twelve 
|lAthoms at a small distance from the shore of the del- 
Ii4b ; it afterwards increases gradually to 50, and then 
|r«uddenly descends to 380 fathoms, whicii is, perhaps, 
iHie original depth of the tea where it has not been 
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rendered shallower by fluviatile matter. The progress 
of the delta in the last two thousand years affords, 
perhaps, no measure for estimating its rate of growth 
when it was an inland bay, and had not yet protruded 
itself beyond the coast-line of the Mediterranean. 
A poweiiul current now sweeps along the shores of 
Africa, from the Straits of Gibraltar to the prominent 
convexity of Egypt, the western side of which is 
continually the prey of the wayes ; so that not only 
are fresh accessions of land checked, but ancient parts 
of the delta are carried away. By this cause Canopus 
and some other towns have been overwhelmed; but 
to this subject I shall again refer when speaking of 
tides and currents. 



OCEANIC DELTAS. 

3>1tu — Deltas of tha Guigea ui<l Bumunpooter — Itn 
M — &«t« of adtuice, and nntuie of iu dopoiilii — FamiBtion 
ud d«itniciion of uUndi — Abundoncs of cracodilra — In. 
undMioni — DcUit of the Miasiiiippi — Dcpoiits of driti wood 

\ ~ OrodLul filling up of the Veltow Sea— Estimate ot th* 
quuility of mud cairieil down by the Gatign — Formation of 
nllej'* ittuitratHl by the growth of deliBB— Grouping of new 
ttrata in general — ConTcrgcnco of delta) — Conglomeraln — 

I Vaiunu causes of atratification — Directioo of luniins — Re. 
marki on the interdiango of land and ho. 

The remaining class of deltas arc tlioee in which 
livers, on entering the sea, arc exposed to the influ- 
ence of the tides. In this case it frequently happens that 
U eatuary is produced, or negative delta, as Kennel! 
|. termed it, whcrC) instead of any encroachment of the 
land upon the sea, the ocean enters the river's mouth, 
and penetrates into the land beyond the general coa*t- 
line. Where this happens, the tides and currents are 
the predominating agents in the distribution of trans> 
ported sediment. The phenomena, therefore, of such 
estuaries, 'will be treated of when the movements of 
the ocean come under consideration. I{ut whenever 
the volume of fresh water is so great as to counteract 
and almost neutralize tlie force of tides mid currents, 
and in all cases where these agents have not sufficient 
power to remove to a distance the whole of the sedi- 
ment periodically brought down by rivers, oceanic 
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deltas are produced. Of these, I shall now select i 
few illustrative examples. 

Delta of the Ganges. — The Ganges and the Bur- 
rampooter descend, from the highest mountains in the 
world, into a gulf which runs 225 miles into the con- 
tinent. The fiurrampooter is somewhat the larger 
river of the two, but it first takes the name of the 
Megna, when joined by a smaller stream so called, and 
afterwards loses this second name on its union with 
the Ganges, at the distance of about forty miles from 
the sea. Tlie area of the delta of the Ganges (with- 
out including that of the fiurrampooter, which has 
now become conterminous) is considerably more tbao 
double that of the Kile ; and its head commences at a 
distance of 220 miles, in a direct line from the sea. Its 
base is two hundred miles in length, including the space 
occupied by the two great arms of the Ganges which 
bound it on either side. That part of the delta which 
borders on the sea is composed of a labyrinth of rivers 
and creeks, all filled with salt water, except those im- 
medbtely communicating with the principal arm d' 
the Ganges. This tract alone, known by the name ul' 
the Woods, or Sunderbunds, a wilderness infested hj 
tigers and alligators, is, according to Kennell, etjual in 
extent to the whole principality of Wales.* 

On the sea-coast there are eight great openings, each 
of which has evidently, at some ancient period, served 
in its turn as the principal channel of discharge. .Al- 
though the flux and reflux of the tide extend even to 
the bead of the delta, when the river is low, yet, when 
it is periodically swollen by tropical rains, the velocil]' 

impoDter Riven, hj 'iitjf* 
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«f the stream counteracts the tidal current, BO that, 
except very near the sea, tlie ebb and flow become 
insensible. During the flood seaaon, therefore, the 
Ganges almost assumes the character of a river enter- 
ing a lake or inland seu; the movements of the ocean 
being then subordinate to the force of tlie river, and 
only slightly disturbing its operations. The great gain 
of the delta in height and area takes place during the 
inundations ; and during other seasons of the year, the 
ocean makes reprisals, scouring out the channeis, and 
Mmetinies devouring rich alluvial plains. 

So great is the quantity of mud and sand poured by 
the Ganges into the gulf in the flood season, that the 
KB only recovers its transparency at the distance of 
■ixty miles from the coast. The general slope, there- 
fore, of the new strata must be extremely gradual. 
By the charts recently published, it appears that there 
ii a gradual deepening from fnur to about sixty fathoms, 
as we proceed from the base of the delta to the dis- 
tance of about one hundred miles into the Bay of Benga]. 
At some few points seventy, or even one hundred 
&thoms, are obtained at that distance. 

One remarkable exception, however, occurs to the 
regularity of the shape of the bottom ; for, opposite the 
middle of the delta, at the distance of thirty or forty 
miles JTom the coast, is a nearly circular space called 
the " swatch of no ground," about fifteen miles in dia- 
meter, where soundings of 100, and even 130 fathoms, 
fail to reach the bottom. This phenomenon is the more 
extraordinary, since the depression occurs within five 
miles of the line of shoals ; and not only do the waters 
charged with Gangetic sediment pass over it con- 
tinually, but, during the monsoons, the sea, loaded 
with mud and sand, is beaten back in that direction 
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towards the delta. Ab the mud is known to extend I 
for eighty miles farther into the gulf, we may be assured I 
that, in the course of ages, the accumuladon of stran > 
in " the swatch" has been of enormous thickness; and 
we seem entitled to deduce, from the present depth 
at the spot, that the original inequalities of the botloa 
of the Bay of Bengal were on as grand a scale ai 
those of the main ocean. 

Opposite the mouth of the Hoogly river, andirome- 
diately south of^Sager Island, four miles from the 
nearest land of the delta, a new isle was farmed about 
thirty years ago, called Edmonston Island, where 
there is a lighthouse. The isle has been for n 
years covered with vegetation and shrubs, but the 
whole surface was submerged for some hours duriif 
the late inundation of May, 18S3, the light-keepeis 
having only escaped by ascending into the lanten- 
By this flood the dimensions of the isle were c<» 
siderably diminished. Although there is evidc 
of gain at some points, the general progress of the 
coast is very slow; for the tides, which rise I 
thirteen to sisteen feet, are actively employed in 
removing the alluvial matter, and difiiising it av< 
wide area.* The new strata consist entirely of sand 
and fine mud ; such, at least, are the only materiak 
which are exposed to view in regular beds on the 

• It is elated in the chart publiahod in the year 1H3S, tf 
Captain Horslnirgh, that the sands opposite the wfaole delu 
stretched between fuur and five miles farther south than tbey hid 
done fort; jtian previously ; and this nas taten as Ihe measiin of 
the pR^ess of the delta itself, during the same period. BiU > 
nrare careful Fomparison of the ancient charts, during ■ Kctot 
survey, has proved that the; were eitremely incorrect in tbor 
latitudes, so that the advutce. of the sands and dulta wts gioUl; 
eiaggerated. 
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inks of the numerous creeks. No substance so coarse 
R gravel occurs in any part of tlie delta, nor nearer 
ke aea than 4flO milea. It should be observed, how- 
[Kr, that the superficial alluvial beds, which are 
j^own down rapidly from turbid waters during the 
loods, may be very distinct from those deposited at a 
pcater distance troni the shore, where crystalltne pre- 
q>itates, perhaps, are forming, on the evaporation of 
» great a surface, exposed to the rays of a tropical 
DD. The separation of sand and other matter, held 
il mechanical suspension, may take place where the 
inters are in motion ; but mineral ingredients, held 
n chemical solution, would naturally be carried to a 
«eater distance, where they may aid in the formation 
Mf corals and shells, and, in port, perhaps, become the 
iWrnenting principle of rocky masses. 
|( A well was sunk at Fort William, Calcutta, in the 
|lwpe of obtaining water, through beds of adhesive clay, 
|]to tlie depth of H6 feet. A bed of yellow sand was 
jAm entered, and at the depth of 152 feet another 

rutum of clay.* 
Iglanda formed and destroyed. — Major R. H.Cole- 
tfcrooke, in his account of the course of the Ganges 
liliver, relates examples of the rapid fillmg up of some 
4f its branches, and the escavation of new channels, 
'«rtiere the number of square miles of soil removed in a 
ilhort time (the column of earth being 114 feet high) 
■Was truly astonishing. Forty square miles, or 25,600 
IfKres are raeotioQed as having been carried away, in 
l^ne locality, in the course of a few years. ■(■ The im- 
itnense transportation of earthy matter by the Ganges 

* Sec India Gazette, June S., 1831. 

t Tnms. of the AeUcic Society, vol. yli. p. 14. 
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and Megna !s proved by the great magnitude of ths 
islands formed in their channels during a period bt 
thort uf that of a man's life. Some of these, aaaj 
miles in extent, have originated in large sand-b 
thrown up round the points at the angular turning ^ 
the river, and afterwards insulated by breaches of tli) 
stream. Others, formed in the main channel, at\ 
caused by some obstruction at the bottom. A larg 
tree, or a sunken boat, is sometimes sufficient to ched 
the current, and cause a deposit of sand, which a 
mulates till it usurps a considerable portion of tl 
channel. The river then borrows on each side I* 
supply the deficiency in its bed, and the island it 
afterwards raised by fresh deposits during every Sooig 
In the great gulf below Luckipour, formed by tlit 
united waters of the Ganges and Burrampooter ((A 
Megna), some of the islands, says Rennell, rival il 
size and fertility the Isle of Wight, Wliile the ri»» 
is forming new islands in one part, it is sweepings*^ 
old ones in others. Those newly formed i 
overrun with reeds, long grass, the Tamarix Indioti 
and other shrubs, forming impenetrable thickets, where 
tigers, buffaloes, deer, and other wild animals, takt 
shelter. It is easy, therefore, to perceive, that botk 
animal and vegetable remains must continually bl, 
precipitated into the flood, and sometimes becunt: 
imbedded in the sediment which subsides in the dellb 
Two species of crocodiles, of distinct genera, abound 
in the Ganges and its tributary and contiguous waten^ 
and Mr. H. T. Colebrooke informs me, that he bH 
seen both kinds in places far inland, many hundred 
miles from the sea. The Gangetic crocodile, « 
Gavial (in correct orthography, Garial), is confined to, 
the fresh water, but A\e cowtmo^ raowidvle ftequenB 
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loth fresh and salt ; being mach larger and fiercer in 
Ut and brackish water. These animals swarm in the 
Irackish water along the line of sand-banks where the 
ice of the Jelta is most rapid. Hundreds of 
are seen together in the creeks of the delta, or 
IBBking in the sun on the shoals without. They will 
ittack men and cattle, destroying the natives when 
llathing, and tame and wild animals which come to 
drmk. " I have not unfreijuently," saya Mr. Cole- 
brooke, " been witness to the horrid spectacle of a 
Aoating corpse seized by a crocodile with such avidity, 
Uiat he half emerged above the water with his prey in 
IB mouth." The geologist will not fail to observe how 
Ipeculiarly the habits and distribution of these sauriaos 
expose them to become imbedded in the horizontal 
a of fine mud which are annually deposited over 
many hundred square miles in the Bay of BengaL 
The inhabitants of the land, which happen to be 
drowned or thrown into the water, are usually devoured 
by these voracious reptiles; but we may suppose the 
temains of the saurians themselves to be continually 
CDtombed in the new formations. 

Imtndatums. — It sometimes happens, at the season 
1 the periodical flood is at its height, that a strong 
[ale of wind, conspiring with a high spring-tide, 
lliecks the descending current of the river, and gives 
ae to most destructive inundations. From this cause, 
I tlie year 1763, the waters at Luckipour rose six 
•et above their ordinary level, and the inhabitants of 
-a considerable district, with their houses and cattle, 
were totally swept away. 

The population of all oceanic deltas are particularly 
exposed to suffer by such catastrophes, recurring at 
JCODsiderable intervals of time ; and we may safely 
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aaaumei that such tragical eventB have happened 
and again since the Gangetic delta was inhabited' 
man. If human experience and forethought 
always guard against these calamities, still less can: 
inferior animals avoid them ; and the monumeni 
such disastrous inundations must be looked for 
abundance in strata of all ages, if the surface of 
planet has always been governed 
When we reflect on the general order and tranqi 
that reigns in the rich and populous delta of 
notwithstanding the havoc occasionally committed bf 
the depredations of the ocean, we perceive how un- 
necessary it is to attribute the imbedding of succeenK 
races of animals in older strata to extraordinary ene^ 
in the causes of decay and reproduction in the infaacj 
of our planet, or to those general catastrophes and 
sudden revolutions resorted to by some theorista. 

Delia of t/ie Mississippi. — As the delta of the 
Ganges may be considered a type of those tbnned on 
the borders of the ocean, it will be unnecessaiy to 
accumulate examples of others on a no less magnificeDl 
scale, as, for example, at the mouths of the Orinoce 
and Amazon. To these, however, I shall revert bj 
and by, when treating of the agency of currents. Tlie 
tides in the Mexican Gulf are so feeble, that the delti 
of the Mississippi has somewhat of an intermedialii 
character between an oceanic and mediterranean delta. 
A long narrow tongue of land is protruded, consistinj 
simply of the banks of the river, wearing precisely the 
same appearance as in the inland plains during the 
periodical inundations, when nothing appears aboTf 
water but the higher part of the sloping glacis before 
described.* This tongue of land has advanced mm/ 
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les since New Orleans was built. Great gub- 
porine deposits are also in progress, stretching far and 
pide over the bottom of the sea, which has become 
IStremely shallow, not exceeding ten fathoms in 
ieptb. Opposite the mouth of the Mississippi large 
tl&B of drift trees, brought down every spring, are 
RPBtted tt^tber into a net-work many yards.in thick- 
pesB, and stretching over hundreds of square leagues.* 
3%ey afterwards hecome covered over with a fine mud, 
|B which other layers of trees are deposited the year 
jHlowing, until numerous alternations of earthy and 
Mgetable matter are accumulated. 
- Alternation of deposits. — An observation of Darby, 
^ regard to the strata composing part of this delta, 
|4eBerves attention. In the steep banks of the 
Atchafalaya, an arm of the Mississippi before aUuded 
to in our description of " the raft," the following 
section is observable at low water; — first, an upper 
stratum, consisting invariably of blueish clay, common 
to tbe banks of the Mississippi ; below this a stratum 
Mf red ochreous earth, peculiar to Ited River, under 
Sriiich the blue clay of tlie Mississippi again appearsf ; 
and this arrangement is constant, proving, as that 
geographer remarks, that the waters of the Mississippi 
and the Red River occupied alternately, at some 
iormer periods, considerable tracts below their present 
it of union. Such alternations are probably common 
submarine spaces situated between two converging 
Itas; for, before the two rivers unite, there must 
lost always be a certain period when an intermediate 
|tract will by turns be occupied and abandoned by the 

■ Captain Hall's Travels in North America, vol. iij, p. 338. 
Darby's Louisisna, p. 103. 
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waters of each stream ; since it can rarely happen tltttl 
the season of highest flood will precisely correspoodl 
in each. la the case of the Red River and Minii-l 

sippi, which carry off the waters from countries plufU 
under widely distant latitudes, an exact coin ci den csjH 
the time of greatest inundation is very improbable. S 

CONCLUDING REMARKS ON DELTAS. ~S 

Quantity of sedimtHt in river water. — Very fin 

satisfactory experiments have as yet been mad^^fl 
enable us to determine, with any degree of acctu4|fl 
the mean quantity of earthy matter discharged aunuiqH 
into the sea by some one of the principal rivers of tie 
earth. Hartsoelter computed the Rhine to contain is 
suspension, when most flooded, one part in a hundrtd 
of mud in volume*; but it appears from experiment! 
recently made by Mr. Leonard Horner, al Bonn, tbU 
TiiVi)*'' would have been a nearer approximation to ihe 
truth. Sir George Staunton inferred from seven! 
observations, that the water of the Yellow River in 
China contained earthy matter in the proportion tf 
one part to two hundred, and he calculated that A 
brought down in a single hour two million cubic teti 
of earth, or forty-eight million daily; so that, if itic 
Yellow Sea be taken to be 120 feel deep, it would 
require seventy days for the river to convert an En^iili 
square mile into tirm laud, and 24',000 years to tan 
tlie whole sea into terra firma, assuming it to k 
125,000 square miles in area.+ Manftedi, the cde- 
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brated Italiun hydrop-apher, conceived the average 
proportion of sediment in al! the running water on the 
g^obe, which reached the sea, to be -j^, and he 
imagined that it would require a thousand years for 
the sediment carried down to raise the general level 
of the sea about one foot. Some writers, on the 
contrary, as De Maillet, have declaimed the most turbid 
waters to contain far less sediment than any of the 
above estimates would import. One of the most 
extraordinary statements is that of Major Rennell, in 
'his excellent paper, before referred to, on the delta of 
the Ganges. " A glass of water," he says, " taken out 
of this river when at its height, yields about one part 
in four of mud. No wonder, then," he adds, " that 
die subsiding waters should quickly form a stratum of 
earth, or that the delta should encroach on the seal"* 
There must certainly be some mistake, perhaps a 
'misprint, in the statement in the Phil. Trans. ; and 
some have conjectured that the learned hydrographer 
meant one part in four hundred of mud. In former 
editions of this work, I expressed my regret that so 
much inconsistency and contradiction should be found 
m the statements and speculations relative to this 
interesting subject ; and I endeavoured to point out 
the high geological importance of reducing to arith. 
metical computation the aggregate amount of solid 
matter transported by certain large rivers to the sea. 
the deficiency of data has now- been, in some degree, 
removed by the labours of Mr. Everest, who ha« 
instituted a series of observations " On the earthy 
matter brought down by the Ganges" at GhazipOr, 
above Calcutta, f 

• Phil. Trans. 1781. 

t Jourr. of Asiatic Soc. Ko. 6. p. B3B. June, 1832. See aliu 
Ur. Prinsep, Gleaning! in Science, vol. iii. ^. \a5. 
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The first step to be made in all such calculation! ii 
to ascertain the average volume of water passing 
annually down tlie channel of a river. This might 
easilj be accomplished if the breadth, depth, anil 
velocity of a stream were constant and uniform through- 
out the year ; but as all these conditions are liable to 
vary according to tlie seasons, the problem becomes 
extremely complex. In the Ganges, as in other rivers 
in hot climates, there are periodical inundations, during 
which by tar the greatest part of the annual discbai^e 
takes place, and the most important point, therefore, 
to determine, is the mean breadth, depth, and velocity 
of the stream during this period. 

Mr, Everest found that, in 1831, the number of 
cubic feet of water discharged by the Ganges per 
second was, during the 

Rains, (4 months) - - 494,206 
Winter, (5 months) - - 71,200 
Hot weather, (3 months) - 36,330 

so that we may state in round numbers, that 500,0 
cubic feet flow down during the four months of i 
flood season, from June to September, and only 100,( 
during the remaining eight months. 

Having obtained the volume of water, we have i 
to inquire what is the proportion of solid matter co» 
taincd in it; and for this purpose, a definite quantity, 
as, for example, a quart, is taken from the river 00 
different days, sometimes from the middle of tbi 
current, and sometimes nearer the banU. This wal»f 
is then evaporated, the solid residuum weighed, and 
the mean quantity of sediment thus ascertained, 
throughout the rainy season. The same obBervatiwt 
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t (hen be repeated for tlie other portions of tlie 

bin computing tlie quantity of water, Mr. Everest 
) allowance for the decreased velocity of the 
stream near the bottom, prefiuming that it is com- 
pensated by the increased weight of matter held in sus- 
peosion there. We think it probable that the amount 
of sediment is by no means exaggerated by this circum- 
itance ; but rather under-rated, as the heavier grains 
of sand, which can never rise into the higher parts of 
the stream, are drifted along the bottom. 

Now the average quantity of solid matter suspended 
in the water during the rains was, by weight, rj-i^jth 
part; but as the water is about one half the specific 
gravity of the dried mud, the solid matter discharged 
is -jili^th part in bulk, or 577 cubic feet per second. 
This gives a total of 6,08 ZiOt 1,600 cubic feet for the 
discliarge in the 122 days of the rain. The proportion 
of sediment in the waters at other seasons was com- 
paratively insignificant, the total amount during the 
five winter months being only 24.7,881,600 cubic feet, 
andduring the three months of hot weather, 38,154,240 
cubic feet. The total annual discharge, then, would 
be 6,368,077,44.0 cubic feet. 

In order to give some idea of the magnitude of this 
result, we will assume tJiat the specific gravity of the 
dried mud is only one half that of granite (it would, 
however, be more); in that case, the earthy matter 
discharged in a year would equal 3, 1 8*,038,720 cubic 
feet of granite. Now about 12^ cubic feet of granite 
weigh one ton, and it is computed that the great 
Pyramid of Egypt, if it were a solid mass of granite, 
l^fiould weigh about 6,000,000 tons. The mass of 
raWter, therefore, carried down annually, would, ac- 



cording to this estimate, more than equal in 
and bulk forty-two of tlie great PyramidB of Egjpi. 
and that borne down in tlie four months of tlie raiiu 
would equal forty pyramids. l}ut if, without any con- 
jecture as to what may have been the specific gravity 
of the mud, we attend merely Co the weight of solid 
matter actually proved by Mr. Everest to have been 
contained in the water, we find that the number of 
tons weight which passed down in the 122 days of ^e 
rainy season was 339,413,760, which would give tbe 
weight of fifly-six pyramids and a half; and in tbe 
whole year 6,368,077,4*0 tons, or nearly the weight 
of sixty pyramids. 

The base of the great Pyramid of Egypt coven 
eleven acres, and its perpendicular height is about five 
hundred feet. It is scarcely possible to present any 
picture to the mind which will convey an adequate 
conception of the mighty scale of this operation, w 
tranquilly and almost insensibly carried on by the 
Ganges, as it glides through its alluvial plain. It may. 
however, be stated, that if a fleet of more than eighty 
Indiamen, each freighted with about 1400 tons weight 
of mud, were to sail down the river every hour of 
every day and night for four months continuously, tbey 
would only transport from the higher country to tL* 
sea a mass of solid matter equal to that borne dawn 
by the Ganges in the flood season. Or tbe atee- 
tions of a fleet of about 2000 such ships going dtWD 
daily with the same burden, and discharging it into (be 
gulf, would be no more than equivalent to the Opels' 
tions of the great river. Yet it is probable that dw 
Burrampooter conveys annually as much solid matter 
to the sea as the Ganges. 

The most voluminous current of lava which hu 
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lowed from Etna irithin historical times was that of 
tS69. Ferrara, after correcting fiorrelli's eBtimate, 
EUculated the quantity of cubic yards of lava in this 
larreni at 140,000,000. Now, this would not equal 
ti bulk one fifth of the sedimentary matter which is 
b^ied down in a single year by the Ganges, according 
if the estimate above explained ; so that it would 
Squire five grand eruptions of Etna to transfer a mass 
|F lava from the subterranean regions to the sur&ce 
baal in volume to the mud carried down to the sea 
Kthe same time by one river in Bengal. 
'' Grouping of Strata m Delias. — The changes which 
^e taken place ia deltas, even since the times of 
Bitory, may suggest many important considerations in 
l^gard to the manner in which subaqueous sediment ia 
tributed. Notwithstanding frequent exceptions 
Edng from the interference of a variety of causes, 
are some general laws of arrangement which 
^idently hold good in almost all the lakes and 
low filling up. If a lake, for example, be 
ircled on two sides by lofty mountains, receiving 
n them many rivers and torrents of different sizes, 
: be bounded on the other sides, where the 
rplua waters issue, by a comparatively low country, 
is not difficult to define some of the leading geological 
« which must characterize the lacustrine form- 
rhen this basin shall have been gradually con- 
iferted into dry land by the influx of sediment. The 
kbta would be divisible into two principal groupa: 
fe older comprising those deposits which originated 
i the side adjoining the mountains, where numerous 
kStaa first began to form; and the newer group 
OBBisting of beds deposited in the more central parts 
t the basin, and towards the side farthest from the 
a 3 



see 



The following characters would form 
(Irincipal marks of distinction between the strata 
each series. The more ancient Bystem would 
composed, for the most part, of coarser materii 
coDtaining many beds of pebbles and sand often 
great thickoess, and sometimes dipping at a conuder- 
able angle. These, with associated beds of Doer 
ingredients, would, if traced round the borders of the 
bssin, be seen to vary greatly in colour and mineral 
Composition, and would also be very irregular in 
thickness. The beds, on the contrary, in the newer 
groupi would consist of finer particles, and would be 
horizontal, or very slightly inclined. Their colour and 
mineral composition would be very homogeneous 
throughout large areas, and would differ from almoEl 
all the separate beds in the older series. 

The following causes would produce the diversity 
here alluded to between the two great meinben of 
such lacustrine formations ; — When the rivers and tor- 
rents first reach the edge of the lake, the detritdt 
washed down by them from the adjoining heigMi 
sinks at once into deep water, all the heavier pebU« 
and sand subsiding near the shore. The fmer mud il 
carried somewhat farther out, but not to the dislaner 
ofmany miles, for the greater part may be seen, 8s,fer 
example, where the Rhone enters the Lake of Genets, 
to fall down in clouds to the bottom not far from the 
river's mouth. Thus alluvial tracts are soon formed*! 
the mouths of every torrent and river, and many of lltHe 
in the course of ages become of considerable extent. 
Pebbles and sand are then transported farther from 
the mountains ; but in their passage they decrease in 
size by attrition, and are in part converted into mud 
and sand. At length some of the numerous delta* 
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H .which are all directed towards a common centre ap- 

H„proach near to each other — those of adjoining torrents 

Bj>econ)e united, and each is merged, in ils turn, in t 

f ^delta of the largest river, which advances most rapidly 

'into the lake, aod renders all tlie minor streams, one 

«ft£r the other, its tributaries. The various mineral 

ingredients of all are thus blended together into one 

ihomogeneous mixture, and the sediment is poured out 

I, from a common channel into the lake. 

Aa the average size of the transported particles 
decreafies, while the three and volume of tbe current 
augments, the newer deposita are diffused continually 
flyer a wider area, and are consequently more hori' 
-wntal than the older. When at first there were 
iinany independent deltas near tlie borders of the 
basin, their separate deposits differed entirely Irom 
,eacli other ; one may have been charged, like the Arve 
where it joins the Rhone, "with white sand, and sedi- 
ment derived from granite — another may have been 
Uack, like many Etreams in the Tyrol, flowing from 
the waste of decomposing rocks of dark slate — a third 
may have been coloured by ochreous sediment, like 
.the Red River in Louisiana — a fourth, like the Elsa 
.,ia Tuscany, may have held muc}i carbonate of lime in 
TBolution. At lirst they would each form distinct de- 
jpositsofsand, gravel, limestone, marl, or other materials; 
Jp^it^ler their junction new chemical combinations 
JlplKdistiDct colour would be the result, and the par- 
li($n^. having been conveyed ten, twenty, or a greater 
Aucab'er of miles over alluvial plains, would become 
, finer- 

■ I 111 deltas where the causes are more complicated, 
land where tides and currents partially interfere, the 

■ dlove description would only be applicable, with certain 
R 4 
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modifications; but if aseriesof earthquakeB accompanj^l 
the growth of a delta, and change tlie levels of the baofl 
&om time to time, as ia the region where the IdiIi^I 
now enters the sea, and others hereafter to be mokS 
tioned, the phenomena will then depart still mon.l 
widely from the ordinary type. ' 

Convergence of Deltas If we possessed an accu- 
rate series of maps of the Adriatic for many thousand 
years, our retrospect would, without doubt, carry m 
gradually back to the time when the number of rivei* 
descending from the mountains into that gulf by inde- 
pendent deltas was far greater in number. The deltas 
of the Po and the Adige, for instance, would separate 
themselves within the Tccent era, as, in all probability, 
would those of the Isouzo and the Torre. If, on the 
other hand, we specidate on future changes, we m^ 
anticipate the period when the number of deltas will 
greatly diminish ; for the Po cannot continue to en> 
croach at the rate of a mile in a hundred years, and 
other rivers to gain as much in six or seven centurie* 
upon the shallow gulf, without new junctions occurring 
from time to time, so that Eridanus, " the king of 
rivers," will continually boast a greater number of 
tributaries. The Ganges and Burrampooter have pro- 
bably become confluent within the historical era ; and 
the date of the junction of the Ited River and the 
Mississippi would, in all likelihood, have been known 
if America had not been so recently discovered. The 
union of the Tigris and the Euphrates must undoubtedly 
have been one of the modem geographical changes 
on our earth, and similar remarks might be extended 
to many other regions. 

formation of Congiomerates. — Along the base ol' 
the Maritime Alps, between Toulon and Genoa, llu 
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I, with few exceptions, are now forming strata of 
iglomerate and sand. Their channels are often 
i»eral miles in breadth, some of them being dry, and 
e rest easily forded for nearly eight months in the 
Htar, whereas during the melting of the enow they are 
proUen, and a great transportation of mud and pebbles 
)B place. In order to keep open the main road from 
Italy, now carried along the sea-coast, it is 
MBary to remove annually great masses of shingle 
''Wought down during the flood-season. A portion of 
the pebbles are seen in some localities, as near Nice, 
(0 form beds of shingle along the shore, but the greater 
part are swept into a deep sea. The small prt^es" 
made by the deltas of minor rivers on this coast need 
Eot surprise us, when we recollect that there i.= some- 
times a depth of two thousand feet at a few hundred 
yards from the beach, as near Nice. Similar observ- 
ations might be made respecting a large proportion of 
the rivers in Sicily, and, among others, respecting that 
Mich, immediately north of the port of Messipa, 
i annually vast masses of granitic pebbles into 
n. 

I- 'When the deltas of rivers, having many mouths, con- 

, a partial union at first takes place by the con- 

>nce of some one or more of their arms ; but it is 

intil the main trunks are connected above the head 

f the common delta that a complete intermixture of 

r joint waters and sediment takes place. The 

nion, therefore, of the Po and Adige, and of the 

iGanges and Burrampooter, is still incomplete. If we 

IMflect on the geographical extent of surface drained 

tfcy rivers such as now enter the bay of Bengal, and 

n consider how complete the blending together of 

e greater part of their transported matter has already 

a 5 
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become, and througliouC how vast a delta it u spieid 
by numerous arms, we no longer feel so much surprice 
St the area occupied by some ancient formations of ho- 
mogeneous miuerat composition. But our surprise will 
be still further lessened when we afterwards inquiie 
into the action of tides and currents, in disseminatiag 
sediment.* 

Causes of Stratification in Ddtas.—ThM the maU« 
carried by rivers into seas and lakes is not thrown in 
conftjsed and promiscuous heaps, but is spread out 6r 
and wide along the bottom, is well ascertained; and 
that it must for the most part be divided into distinct 
strata, may in part be inferred where it cannot ibe 
proved by observation. The horizontal arrangemeal 
of the strata, when laid open to the depth of twenty v 
thirty feet in the deltas of the Ganges, Indus, and 
Mississippi, is alluded to by many writers ; and the 
same disposition is well known to obtain in all modem 
deposits of lakes and estuaries. 

Natural divisions are often occasioned by the intern) 
of time which separates annually the deposition of 
matter during the periodical rains, or melting of the 
snow upon the mountains. The deposit of each yeir 
acquires some degree of consistency before that of the 
succeeding year is superimposed. A Tsriety of or- 
cumslances also give rise annually, or sometimes from 
day to day, to slight variations in colour, fineness of 
the particles, and other characters, by which allenw 
ttons of strata distinct in texture, and mineral ii^re- 
dients, are produced. Thus, for example, at one period 
of the year, drifl wood may be carried down, and ai 
another mud, as was before stated to be the case i» 
the delta of the Mississippi ; or at one time wbes 

• See Chap. VIII. 
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the vc^ume and velocity of the etream are greateet, 

pebbles and sand may be spread over a certain area, 

over which, n'hen the waters are low, tine matter or 

cfaeinica] precipiuttes are formed. During inundations 

the current of fresh water otlen repels the sea for 

n&ny miles ; but when the river is low, salt water 

again occupies the same space. When two deltas are 

converging, the intermediate space is ofien, for 

reasons before explained, alternately the receptacle 

uof different sediments derived from the converging 

tvtreams. The one is, perhaps, charged with calcareous, 

bdie other with ai'gillaceous matter ; or one sweeps 

hdowD sand and pebbles, the other impalpable mud. 

d^ese differences may be repeated, with considerable 

Vagularity, until a thickness of hundreds of feet of 

nkemating beds is accumulated. The multiplication, 

' ;0| of shells and corals in particular spots, must give 

raisc^ occasionally to lines of separation, and divide a 

'hich might otherwise be homogeneous into 

liBtinct atrata. 

An examination of the shell marl now forming Jn 

le Scotch lakes, or the sediment termed "warp,'' 

rhich subsides from the muddy water of the Humber, 

id other rivers, shows that recent deposits are often 

'Composed of a great number of extremely thin layers, 

ither even or slightly undulating, and preserving a 

leral parallelism to the planes of stratification. 

''Sometimes, however, the laminec in modem strata are 

disposed diagonally at a considerable angle, which 

^^>pear3 to take place where there are conflicting 

'•inovementE in the waters. In January, 1 829, 1 visited, 

""in company with Professor L. A. Nccker, of Geneva, 

[iHthe confluence of tlie Rhone and Arve, when those 

rivers were very low, and were cutting channels 

R 6 
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through the vast heaps of debris thrown down ftoin 
the waters of (he Arve, in the preceding spring. ODe 
of the sand-banks which haA formed, in the spring ii 
1828, where the opposing currents of the two rivere 
neutralized each other, and caused a retardation in ibe 
motion, had been undermined ; and the following is an 
exact representation of the arrangement of lamine 
exposed in a vertical section. The length of the 
portion here seen is about twelve feet, and the heigbt 
five. The strata a a consist of irregular alternatioU 
of pebbles and sand in undulating beds : below tbcM 
are seams of \ ery hne sand b b, sonic as thin as p^iei. 
others about a quarter of an inch thick. The strata 
c c are composed of layers of fine greenieh-gray saad, 
as thin as paper. Some of the inclined beds will be 
seen to be thicker at their upper, others at dieir 




lower extremity, the inclination of some being tetj 

considerable. These layers must have accumulated 
one on the other by lateral apposition, probably when 
one of the rivers was very gradually increasing or 
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diminishing in velocity, so that tlie point of greatest 
Tetardation caused by tboir conflicting currents shifted 
dowly, allowing the sediment to be thrown down in 
■uccesaive layers on a sloping bank. The sauie phe- 
nomenon is exhibited in older strata of all ages ; and 
when they are treated of, 1 shall endeavour more fully 
to iUuBtrate the origia of such a structure. 

Constantinterchatige of Land and Sea, — I may here 
conclude my remarks on deltas, observing that, im- 
perfect as is our information of the changes which they 
bave undergone within the last three thousand years, 
they are sufficient to show bow constant an inter- 
diange of sea and land is taking place on the face of 
our globe. In the Mediterranean alone, many flourish- 
ing inland towns, and a still greater number of ports, 
now stand where tlie sea roUed its waves since the era 
of the early civilization of Europe, If we could 
compare with equal accuracy the ancient and actual 
state of all die islands and continents, we should pro- 
bably discover that millions of our race are now sup- „ 
ported by lands situated where deep seas prevailed in 
earlier ages. In many districts not yet occupied by 
man, land animals and forests now abound where the 
anchor once sunk into the oo^ty bottom. We shall find, 
on inquiry, that inroads of die ocean have been no less 
considerable ; and wlien to these revolutions, produced 
by aqueous causes, we add analogous changes wrought 
by igneous agency, we shall, perhaps, acknowledge thf , 
justice of the conclusion of a great philosopher £ 
antiquity, when he declared that the whole land ani 
sea on our globe periodically clianged places.* 
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CHAPTER VI. 




Destroying and transporting effects of tide* and c 
Differences in the rise of Uie tides — Velocity of ci 
Causes of currents — Action of the sea on the BritiJi cout— 
Slietland Islands — Lsr^ blocks removed— EH'eci 
ning — Breach caused in a loass of porphyry — Islea n 
to clusters of lodtg — Orliney Isles — East coast of Scot- 
land — Stones thrown up on tlie Bell Rock — Enst ci 
England — Waste of the cliffs of Holdcmess, Norfolk, i 
Snffolk — ffildng up of estuaries — Origin of submarine forwts 

— Yarmoulli estuary — Submarine forests — Suffolk co»st — 
Dunwich — Essci coast — Estuary of the Thames — Goodcin 
Sands— Coast of Kent — FormalioQ of Straits of DoTfr — 
South coast of England — Coast of Sussex — Const of Utnu 

-Coast of Dorset— Portland — Origin of the Chesil Sank 

— Cornivall — Lioncsse tradition- Coast of Brittany. 

Although the movements of great bodies uP water, 
tenned tides and currents, are id general due to very 
distinct causes, tlieir effects cannot be studied separ- 
ately, for they produce, by their joint action, tboM 
changes which are objects of geological intereil- 
These forces may be viewed in the same manner as *e 
before considered rivers, first, as employed in destroy- 
ing portions of the sohd crust of the earth, and remov' 
ing them to other localities ; secondly, aa reproduclite 
of new strata. 
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f Tides. — It would be superfluous at the present day 

rto offer any remarks on tlie cause of the tides. They 

I* are not perceptible in lakes, or in most inland seas ; 

in the Mediterranean even, deep and extensive aa 

is that sea, they are scarcely sensible to ordinary 

observation, their effects being quite subordinate to 

flioae of the winds and currents. In some localities, 

liowever, as in the Straits of Messina, there is an 

ebb and flow to the amount of two feet and upwards, 

U Naples and at the Euripus of twelve or thirteen 

{I inches, and at Venice, according to Uennell, of 6\e 

.fcet.* In the Syrtes, also, of the ancients, two wide 

Lihallow gulfs which penetrate very far within the 

i^orthem coast of Africa, between Carthage and Cy- 

lene, the rise is said to exceed five feet.f 

In islands remote from any continent, the ebb and 
flow of the ocean is very slight, as at St. Helena, for ex- 
nuple, where it is rarely above three feet.:^ In any 
'^ven line of coast, the tides are greatest in narrow 
channels, bays, and estuaries, and least in the interven- 
ing tracts where the land is prominent. Thus, at the 
entrance of the estuary of the Thames and Medway, 
the rise of the spring-tides is eighteen feet; but when 
we follow our eastern coast from thence northward, 
towards Lowestolf and Yarmouth, we find a gradual 
diminution, until, at the places last mentioned, the high- 
est rise is only seven or eight feet. From this point 
tliere begins again to he an increase, so that at Croiner, 
where the coast again retires towards the west, the 

• Geography of Herodotua, vol, u, p. 331. 
t Ibid. p. 3Z8. 

( Romrae, Vents et Courans, vol. ii. p. H. Bct, F. Fallows. 
Quait. Joura. of Science, Marcb, 1 8S9, 
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rise is sixteen feel, and towards the extremity of the 
julf called " the Wash," as at Lynn and in Boat« 
deeps, it is from twenty- two to twenty-four feet, and in 
some extraordinary cases twenty-six feel. From 
thence again there is a decrease towards the north, 
the elevation at the Spurn Point being from nineteen 
to twenty feet, and at Flamborough Head and tlw' 
Vorkshire coast from fourteen to sixteen feet,* 

At Milford Haven in Pembrokeshire, at the mooA' 
of the Bristol Channel, the tides rise thirty-six fret, and 
at King-Boad near Bristol fortj-lwo feet. At Cbepsto^' 
on the Wye, a small river which opens into t 
of the Severn, theyreach fifty feet, and sometimes sixt^ 
iiine,and even seventy- two feel-f A current which seD" 
ill on the French coast, to the west of Cape La HagMv' 
becomes pent up by Guernsey, Jersey, and other' 
islands, till tlie rise of the tide is from twenty to forty- 
five feet, which last height it attains at Jersey, and' 
at St. Malo, a seaport of Brittany- 

Ctarreuts. — Tlie most extensive and best determined' 
of all currents is (hat which in one part of its course It 
called the Gulf stream. It first sets westward in tra^' 
pical regions ; and after doubling the Cape of Good' 
Hope, where it runs nearly at the rate of two miles an 
hour, inclines considerably to the northward, along die' 
western coast of Africa, then crosses the Atlantic, andf * 
ha\-ing accumulated in the Gulf of Mexico, passes ouf' 
at the Straits of Bahama, with a velocity of more thaa 
four miles an hour, which is not reduced to two mile*' 
until the stream has proceeded to the distance of 

* Hw httghts of these tides are given on Ibe lulfaarilT af ' 

Capuin Hcwett, B.N. ' 

t On Hie authorilyur Captain Beauron. R.N. i ^'n* m 
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eigliteen hundred miles in the direction of Newfound- 
land. Near that island it meets with a current setting 
southward irom Baffin's Bay, on the coast of Greeolandi 
trhere it divides into several branches, one of which 
CDDtinues to hold a northerly direction, while another 
flows eastivard, so that fruits, plants, and wood, the 
produce of America and the West Indies, are drifted 
to the shores of Ireland, the Hebrides, and even to 
Spitabergen. 

Velociii/ of Carr&Us. — On our eastern coast the 
itrongest currents seldom exceed four miles and a 
half an hour. The current which runs through the 
Race of Alderney, between the island of that name 
and the main land, has a velocity of above eight English 
miles an hour. Captain Hewett found that in the 
Pentland Firth the stream, in ordinary spring tides, 
runs ten mites and a half an hour, and about thirteen 
miles during violent storms. The greatest velocity of 
thecurrent through the "Shoots," or New Passage, in 
the Bristol Channel, is fourteen mUes an hour; and 
Captain King observed, in his recent survey of the 
Straits of Magellan, that the tide ran at the same rate 
through the " First Narrows," 

CausM of Ctirrenis. — That movements of no incon- 
siderable magnitude should be impressed on an expan- 
sive ocean, by winds blowing for many months in one 
direction, may easily be conceived, when we observe 
the effects produced in our own seas by the temporary 
action of the same cause. It is well known that a 
strong south-west or norlli-west wind invariably raises 
the tides to an unusual height along the east coast of 
England and in tlie Channel ; and that a north-west 
wind of any continuance causes the Baltic to rise two 
feet and upwards above its ordinary level. Smeaton 
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ascertained by experiment that, in a canal four mile* 
in length, the water was kept up four inches higher 
at one end ihan at the other, merely by the action of 
the wind along the caoal ; and Rennell intbnnsus that 
a large piece of water, ten miles broad, and geoerallj 
only three feet deep, lias, by a strong wind, had its 
waters driven to one side, and sustmned so as to become 
t>ix feet deep, while the windward side was laid dry.* 

As water, therefore, he observes, when pent up m 
that it cannot escape, acquires a higher level, so, in t 
place wkereit can escape, the same operation prodocci 
a current ; and this current will extend to a greater k 
less distance, according to the force by which it is pro- 
duced. 

Currents flowing alternately in opposite directions 
are also occasioned by the rise and fall of the tidet- 
The elfect of this cause is, as before observed, moH 
striking in estuaries and channels between islands, 

A third cause of oceanic currents is evaporation 
by solar heat, of which the great current setting 
through the Straits of Gibraltar into the Mediter- 
ranean is a remarkable example, and will be ful^ 
considered in the next chapter. It has been suggesWd 
by Captain Owen -j-, that the perennial current whidi 
sets into the Atlantic Ocean round the Cape of Good 
Hope, as well as that whicli he describes as flonrag 
northwards, from the shores of Cape Horn, are in like 
manner due to the evaporation of the Atlantic be- 
tween the tropics. This suggestion deserves attention, 
although it has been fairly objected that the strong 
current setting out of the Gulf of Mexico seemi in- 

* Rermell ob the Cbaanel-currenl. 
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iBOosistent with such a theory. Nevertheless it must 
tvftcn happen that large (juantities of water raised 
Ijroni one tract of the ocean by solar heat, and carried 
Ijto some other where the vapour is condensed and falls 
(in die shape of rain, will, in flowing back again to 
ijieatore equilibrium, cause sensible currents. The 
■influx of a great river into the sea, and the movement 
He which it gives rise is nothing more than the result 
l^ similar evaporation. 

ii But there Js another way in which heat and cold 
tnuat occasion currents in the ocean. It is now ascer- 
<4ained that there is no maximum of density in salt 
lt^«ater,~-'no point, as in fresh water, at which an in- 
crease of cold causes the fluid to begin agaia to 
itxpand. Whenever, therefore, the temperature of the 
.surface is lowered, condensation talies place, and the 
superficial water, having its specific gravity thus in- 
creased, falls to the bottom, upon which lighter water 
lifiees immediately and occupies its place. When this 
iijKTculatioo of ascending and descending currents has 
,.goae on for a certain time in high latitudes, the in- 
inr parts of tlie sea are made to consist of colder or 
avier fluid than the corresponding depths of the 
Lfscean between the tropics. If there be a free com- 
. teunication ; if no chain of submarine tnountalns 
^vide the polar from the equatorial basins, a horizontal 
dBBovement will arise by the flowing of colder water 
.^m the poles to the equator, and there will be a 
' rVeflux of warmer superficial water from the equator to 
I ^e poles. A well known experiment has been ad- 
>duced to elucidate this mode of action In explanation 
of the " trade winds." * If a long trough, divided in 

■ See Capl. B. HaU's clear Explatiatiati of the Tbeory af the 
Trade Winds, Frngments of Vovages, axoaA series, vol. i. and tiis 
Q the Appeadii la Danieli's Meleorology. 
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the middle by a sluice or partition, have one end filled 
with water and the other with quicksilver, both 
will remain quiet so long as they are divided ; bul' 
when tlie sluice is drawn up, the heavier fluid will 
along the bottom of the trough, while the lighter, 
being displaced, will rise and spread itself at the top^ 
Hence it appears, that the expansion and contraction 
of sea-water by heat and cold have a tendency M 
set under- currents in motion from tlie poles to the 
equator, and to cause counter -currents at the surface, 
which are impelled in a direction contrary to that tf 
the prevailing trade winds. The circumstances h&a§ 
so complicated, aod often of so conflicting a t0- 
ture, we cannot expect to trace separately the mant 
ments due to each cause, but must be prepared &r 
many anomalies, especially as the configuration of tht 
bed of the ocean must often modify and interfere wi* 
the course of the inferior currents as much as the poll' 
tion and form of continents and islands are found W 
alter the direction of those on the surface. 

E^ch of the four causes above mentioned, the vriaillt 
the tides, evaporation, and expansion of water by he 
may be conceived to operate independently of I 
others, and although the influence of all the rest w< 
annihilated. But there is another cause, thi 
of the earth on its axis, which can only come into pk^ 
when the waters have already been set in motion b^ 
some one or all of the forces above described, and onh^ 
when the direction of the current so raised happenr 
to be from south to north, or from north to south.* '" 

" In an interwtiiig essay [n ihe United Service Journal (D« 

1B3S), an atlempl is miuie tu imrocluce the earlh's rolatioo u* 

primary «U5e of cuirents. Bul the BUihor appears to io(»*' 

coDceive the mode in which slone (his rotation could proAM 

tfecl, audicasonsasif it would in all laliiudeB catue CumoK 
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ii The principle on wliich tliii cause operatee is pro- 
' f familiar to the reader, as it has long been re- 
sized in the case of the trade winds. Witliout 
italarging, therefore, on the theory, it will be sufB* 
ient to offer an example of the mode of action al- 
Wheti a current flows from the Cape of 
tod Hope towards the Gulf of Ouiiieu, it consiats 
f water, which, on doubling the Cape, m 
i a rotatory velocity of about 800 milei 
I hour ; but when it reaches the line, it arrives 
t a parallel where the surface of the earth is whirled 
nind at the rate of 1000 miles an hour, or about 200 
B faster. • If this great mass of water was Irans- 
rred suddenly from the higher to the lower latitude, 
) deficiency of its rotatory motion, relatively to the 
nd and water with which it would come intojuxta- 
nition would be such as to cause an apparent motion 
t rapid kind (of no less than 200 miles an 
f'hour) from east to west. 

I" The eastern coast of America might be carried 
mond so as to strike against such a body of water with 
pmnendouB violence, so that a large port of the conti- 
Mot might be submerged. This disturbance does not 
Mcur, because the water of the stream, as it advances 
fgndually into new zones of the sea which are moving 
iHtate rapidly, acquires by friction an accelerated ve- 
Hbcity. Yet as this motion is not imparted instaiito- 
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west. Uu also Becma never to bate heard of Mr. 
•Jjojd's [evi;1lln);H scrooB the Isihmiis of Punama, by which the 
l^plen of the Gulf of Mexico are proved {if there bo lUijr dif- 
' jjuence) to be lower than the mean, level of the Pacitic, and ta* 
*|Jto assuroeE that the quantity of rain is greatly in exceia id high 
'ikMead of lew latiCudea. 
f * S«e a t<d>te in Capt. Hall* work before cited. 
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neously, tlie fluid ia unable to keep up with the fuH 
speed of the new surface over which it is successh-d^l 
brought. Hence, to borrow the language of Hersdiw*] 
when he speaks of the trade winds, " it lags or han^' 
back, in 8 direction opposite to the earth's rotation, 
that is, from east to west*," and thus a current which 
would have run simply towards the north but for the 
rotation, may acquire a relative direction towards tfci 
west, or become a south-easterly current, * 

We may next consider a case where the circuol- 
stances are the converse of the above. The Gulf 
stream flowing from about lat. 20°, is impressed with 
a velocity of rotation of about 9tO miles an hour, 
and runs to the lat. 50°, where the earth revolves 
only at the rate of 640 miles, or 300 miles slower. 
In this case a relative motion of an opposite kind 
may result ; and the current may retain an excess of 
rotatory velocity, tending continually to deflect It* 
eastward. 

Thus it will be seen that currents depend like tlrt* 
tides on no temporary or accidental circumstances, bBr 
on the laws which preside over the motions of the h«J' 
venly bodies. But although the sum of their tnfluence-ii' 
altering the surface of the earth may be very coDStoDt'. 
throughout successive epochs, yet the points whatf 
these operations are displayed in fullest energy shitf 
perpetually. The height to which the tides rise, antf 
tlie violence and velocity of currents, depend in a greiF 
measure on the actual configuration of the land, tbtt' 
contour of a long line of continental or insular coas^ 
the depth and breadth of channels, the peculiar forw 
of the bottom of seas — in a word, on a combinatM^ 
which are made to vary continually 
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'.by many igneous and aqueous causes, and among the 
^t, by the tides and currents themselves. Although 
these agents, therefore, of decay and reproduction, are 
l^cal in reference to periods of short duration, such as 
^lose which history embraces, they arc nevertheless 
Dtuversal, if we extend our views to a sufficient lapse 
of ages. 

In describing the destroying effects of tides and 
currents, it will be necessary to enter into some detail, 
ttecause we have not the advantage here, as in the 
cue of many river-deltas, of viewing the aggregate 
i which has resulted from the continual transport- 
ation of matter, for many centuries, at certain points. 
VTe must infer the great amount of accumulation as a 
corollary from the proofs adduced of the removing 
ftrce ; and this it will not be difficult to show is, on 
^e whole, far greater than that of running water oa 
"■tlielsnd. 

Action of l/ie Sea on the British Coasts. — If we follow 
the eastern and southern shores of the British islands, 
ftora our Ultima Thule in Shetland to the Land's End 
in Cornwall, we shall find evidence of a series of 
changes since the historical era, very illustrative of 
the kind and degree of force exerted by the agents 
lUHF under consideration. In ttiJs survey we shall have 
SO opportunity of tracing the power of the sea on 
ialands, promontories, bays, and estuaries; on bold, lofty ' 
cliffs, as well as on low shores; and on every descrip- 
tion of rock and soil, from granite to blown sand. 

Shetland Itlands. — The northernmost group of the 
British islands, the Shetland, are composed of a great 
variety of hypogene and trap rocks, including granite, 
gneiss, mica-slate, serpentine, greenstone, and many 
others, with some secondary rocts, cVie&'j s,w\4sVOTvfc 
aad conglomerate. These isles are ex^wyseicoTAvwa^^ 
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to the UDControlled violence of the Atlantic, for tn 
land intervenes between their western shores md 
America. The prevalence, therefore, of strong westeri; 
gales causes the waves to be sometimes driven with it- 
resistible force upon the coast, while there is also 8 
current setting from the north. The spray of the sea 
aids the decomposition of the rocks, and prepares tbem 
to be breached by tlie mechanical force of the waves. 
Steep clifls are hollowed out into deep caves and lofl^ 
arches ; and almost every promontory ends in a cluster 
of rocks, imitating the forms of columns, pinnacles, and 
obelisks. 

DrifHng of large Masses of Rock. — Modem observ- 
ations show that the reduction of continuous tracts to 
such insular masses is a process in which Nature it 
still actively engaged. " The Isle of Stenness," sayi 
Dr. Hibbert, " presents a scene of unequalled demoli- 
tion. In stormy winters, huge blocks of stones ore 
overturned or are removed from their native beds, and 
hurried up a slight acclivity to a distance ahnoit iD' 
credible. In the winter of 1802, a tabular-shaped 
mass, eight feet two inches by seven feet, and fivefeet 
one inch thick, was dialodged from its bed, and rt- 
moved to a distance of from eighty to nbety feet. I 
measured the recent bed from which a block had been 
carried away the preceding winter (a.d. 1818), and 
found it to be seventeen feet and a half by seven fMt, 
and the depth two feet eight inches. The removed 
mass had been borne to a distance of thirty feet, when 
it was shivered into thirteen or more lesser ft-agmentt, 
some of which were carried still farther, from SO to 
120 feet. A block, nine feet two inches by six feet and 
a half, and four feet thick, was hurried up the acclivity 
to a distance of 150 feet." * 

* Dtacrip. of Shetlatid Inlands, p. 537. Edin. IBSS. 
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At Northmavine, also, angular blocks of stone have 
been removed in a similar manner to considerable dis- 
tances by the waves of the sea, some of which are re- 
presented in tlie annexed figure, No. 8, • 




stony It apnnlt drifted hy i 



Effects of Lightning. — In addition to numerous 
examples of masses detached and driven by the tides 

and currents from their place, some remarkable effects 
of lightning are recorded in these isles. At Funzie, in 

^etlar, about the middle of the last century, a rock of 
mica-schist, 105 feet long, ten feet broad, and in some 

^places four feet thick, was in an instant torn by a flash 
of lightning from its bed, and broken into three large, 
and several lesser, fragments. One of these, twenty- 
'«ix feet long, ten feet broad, and four feet thick, 
was simply turned over. Tlie second, which was 
twenty-eight feet long, seventeen broad, and five 



• For this and Ibe three following repreMntations of rocta in 
fa Shetland Iilei, I sm indebled to Dr. HJbbett's work before 
dtcd, whicli ia rich in anliqusriBn and geological rewarch. 
VOL. I. 3 



386 ACTION OP THE SEA OH [BLaA 

feet in thickness, was hurled across a higti point to the 
distance of fifty yards. Another broken mass, about 
forty feet long, was thrown still farther, but tn die 
same direction, quite into the sea. There were steo 
many lesser fragments scattered up and down.' 

When we thus see electricity co-operating with the 
violent movements of the ocean in heaping up pile? of 
shattered rocks on dry land, and beneath the waters, 
we cannot but admit that a region which shall be the 
theatre, for myriads of ages, of the action of suchdii- 
turbing causes, will present, at some future perlodi ■ 
scene of havoc and ruin that may compare with snj 
now found by the geolog-iat on the surface of our coo- 
tjnents, raised as they all have been in former ages 
ftom the bosom of the deep. We have scarcely begun, 
as yet, to study the effects of a single class of the 
mighty instruments of change and disorder now oper- 
ating on our globe ; and yet geologists have presumed 
to resort to a nascent order of things, or to revolutiou 
in the economy of nature, to explain every obscure 
phenomenon ! 

In some of the Shetland Isles, as on 
Meikle Hoe, dikes, or veins of soft granite 
mouldered away ; while the matrix in which they ' 
inclosed, being of the same substance, but of a fii 
texture, has remained unaltered. Thus, long 
ravines, somelimes twenty feet wide, are laid open, I 
often give access to the waves. After describing j 
huge cavernous apertures into which the sea flw 
250 feet in Roeness, Dr. Hibbett enumerates 
ravages of the ocean. " A mass of rock, the avenffi 
dimensions of which may perhaps be rated at tweh 

• Dr. Hibbert, from MSS. of Itev, George Low, of Fellu. 
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■tgt thirteen feet square, and four and a ha]f or five in 
Aickness, was first moved from its bed, about fifty 
jpears ago, to a distance of tliirty feet, and has since 
■^een twice turned over." 

Passage forced hy the sea through porphyritic rocks,— 
♦".But the most sublime scene is where a mural pile of 
jtorphyry, escaping tlie process of disintegration that 
is devastating tlie coast, appears to have been left aaa 
fait of rampart against the inroads of the ocean ; — the 
Atlantic, when provoked by wintry gales, batters 
against it with all the force of real artillery — the 
WByes having, in their repeated assaults, forced them- 
Bdves an entrance. This breach, named the Grind of 
tbe Navir (No, 9.), is widened every winter by the 
orerwhelming surge that, finding a passage through it, 
.S^arates large stones from its sides, and forces them 




to a distance of no less than 180 feet. In two or 
three spots, the fragments wliich have been detached 
are brought together in immense heaps, that appear Bi 
an accumulation of cubical masses, the product of 
some quarry."* 

It is evident, from this example, that although the 
greater indestructibility of some rocks may enable them 
to withstand, for a longer time, the action of the 
elements, yet they cannot permanently rcBist. 'ITiere 
are localities in Shetland, in which rocks of almost 
every variety of mineral composition are suffering dit- 
integratioi) : thus the eea. makes great inroads on tiie 
clay slate of Fitfel Head, on the serpentine of the 
Vord Hill in Fetlar, and on the mica-schist of the Bay 
of Triesto, on the east coast of the same isle, whidi 
decomposes into angular blocks. The iguartz rock on 
the east of Walls, and the gneiss aiid mica-schist of 
GarthneSH, suffer the same fate. 

Xhslraction of Islands, — Such devastation cannnl 
be incessantly committed for tliousands of years with- 
out dividing islands, until they become at last meri: 
clusters of rocks, the last shreds of masses once GOD- 
linuous. To this state many appear to have 
reduced, and innumerable fimtustic forms are 
by rocks adjoining these isles, to which the 
Drongs is applied, as it is to those of similar 
Feroe. 

The granitic rocks (No. 10.) between Papa 
and Hillswick Ness afford an example. A atill 
singular cluster of rocks is seen lu the math 
Hillswick Noss (No. 1 1.), which presents e variety of 
forms as viewed from different points, and has ofYflD. 
been likened to a small fleet of vessels witli spi 
■ Hibbcrt,p. 5t%. 



.rc»^ 




(l.* We may imagine that in the course of time 
Dswick Ness itaelf may present a similar wreck, 
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from the unequal decomposition of the rocke whereof 
it is composed, consinting of gneiss and miua-schiat, 
traversed in atl directions by veins of felspar porphyry. 

Midway between the groups of Shetland and Orkney 
is Fair Island, said to be composed of sandstone with 
high perpendicular cliffs. Tlie current runs with such 
velocity, thut during a calm, and when there is no 
swell, the rocks on its shores are while with the foirai 
of the seo driven against them. The Orkneys, if 
carefully examined, would probuhly illustrate our 
present topic as much as the Shetland Islands. The 
north-east promontory of Sanda, one of these llIWi 
has been cut off in modern times by the sea, S6 ihit it 
became what is now called Start Island, where a light- 
house was erected in 1807, since which time the KB* 
strait has grown broader. 

East coast of Scotland.— To pass over to the nudD 
land of Scotland, we Bnd that, in I nvcrn ess-shirt, 
there have been inroads of the sea at Fort George, 
and others in Murrayshirc, which have swept vwv} 
the old town of Findhorn. On the coast of Kmcn- 
dineshire, an illustration was afforded, at the close of 
the lost century, of tlic effect of promontories in pro- 
tecting a line of low-shore. The village of Mnthetti 
two miles south of Johnshaven, was built on on onrieBt 
shingle beach, protected by a projecting ledge of Ifmfr- 
stone rock. This was quarried for lime to such fit 
extent, that the sea broke tlirough, and in 179.5 carried 
away the whole village in one night, and pcnetmted 
1£0 yards inland, where it has maintained its grouDil 
ever since, the new village having been built farther 
inland on the new shore. In the Bay of Montrose, we 
find the North Esk and the South Esk rivers pouring 
annually into the sea large quantities of sand and 
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pebbles, yet they have formed no deltas ; for the tides 
^cour out the channels, and the current, setting across 
Aeir mouths, sweepti away all the materials. Consider- 
able beds of shingle, brought down by the North £sk, 
jp-e seen along the beach. 

fl Froceediug southwards, we find that at Arbroath, in 
Forfarshire, which stands on a rock of red sandstone, 
^rAena and houses have been carried away within the 
fast thirty years by encroachments of the sea. It has 

Ifl^coiiie necessary to remove the lighthouses at the 
g|K>uth of the estuary of the Tay, in the same county, 
ft Button Ness, which were built on a tract of blown 
ifsnd, the sea having encroached for tliree quarters of 
^mile. 

^ Farce of Currents in Estuaries. — The power which 
currents can exert in estuaries to considerable depths, 
^ras remarkably exhibited during the building of the 
1^11 Rock Lighthouse, at the mouth of the Tay. The 
^iei\ Rock is a sunken reef, consisting of red sand- 
Mone, being from twelve to sixteen feet under the 
JlP'&ce at high water, and about twelve miles from 
l^e mainland. At the distance of J 00 yards, there 
depth, in all directions, of two or three fathoms at 
Iter. The perpendicular rise and fall of the 
tides is 'fifteen feet, and at neap tides eight 
; their velocity varying from one to three miles 
r hour. In 1807, during the erection of the light- 
, six large blocks of granite, which had been 
led on the reef, were removed by the force of the 
Ik^ and thrown over a rising ledge to the distance of 
Lbrelve or fitleen paces \ and an anchor, weighing about 
\S^ cwt., was thrown up upon the rock.* Mr. Stevenson 
g^j^rms us, moreover, that drift stones, measuring up- 

tf,," AecountoflheEractiOQDf the Bell Hock Lighthouse, p. 163. 
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wards of thirty cubic feet, or more than two 
weight, have, during Btorme, been often thrown apoo 
the rock from the deep water.* 

Submariiie forests. — Among the proofs that the aei 
has encroached both on the estuaries of the Tay and 
Forth, may be mentioned the submarine forests which 
have been traced for several miles by Dr. Fleming. 
along the margins of those estuarieu on the north and 
south shores of the county of Fife.f The alluiiil 
tracts, however, on which such forests grow, generalll 
occupy spaces which may be said to be in dispaU 
between the river and the sea, and to be altemaielj 
lost and won. Estuaries (a term which we confine U 
inlets entered both by rivers and tides of the set) 
have a tendency to become silted up in parts ; but d» 
same tracts, afler remaining dry, perhaps, for tbousandl 
of years, are again liable to be overflowed, for theyitt- 
always low, and, if inhabited, must generally be secuiel 
by artificial embankments. Meanwhile the sea devoui^ 
as it advances, the high as well as the low parts of tbf 
coast, breaking down, one after another, the rodlg. 
bulwarks which protect the mouths of estuaries. 1311 
changes of territory, therefore, within the general Ui 
of coast are all of a subordinate nature, in no in 
tending to arrest the march of the great ocean, nor 
avert the destiny eventually awaiting the whole regiaVI 
they are like the petty wars and conquests of the iq» 
dependent states and republics of Greece, whOe tl>| 
power of Macedon was steadily pressing on, 
preparing to swallow up the whole. 

■ Ed. Ptiil. JoMta., vol. iii. p. 54. IBZO. 
t Qiurterly Journal of Science, &C, No. xai. New £ 
March, 1830. 
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On the coast of Fife, at St. Andrew's, a tract of 
land which intervened between the cnatle of Cardinal 
Beaton and the sea lias been entirely swept away, as 
were the last remains of the Priory of Crail, in the 
tame county, in ] 803. On both sides of the Frith of 
Forth, land has been consumed; at North Berwick in 
particular, and at Newhavcn, where an arseiial and 
dock, built in the reign of James IV., in the fifteenth 
century, has been overflowed. 

East eocut of Engtand. — If we now proceed to the 
English coast, we find records of numerous lands 
having been destroyed in Northumberland, as those 
near Bamborough and Holy Island, and at Tynemouth 
castle, which now overhangs the sea, although formerly 
lepsrated from it by a strip of land. At Hartlepool, 
and several other parts of the coast of Durham com- 
posed of tnognesian limeatone, the sea has made 
considerable inroads. 

Coast of Yorkshire. — Almost the whole coast of 
Yorkshire, from the mouth of the Tees to that of the 
Humber, is in a state of gradual dilapidation. That 
part of the cliffs which consists of lias, the oolite 
aeries, and chalk, decays slowly. They present 
abrupt and naked precipices, often 300 feet in 
height ; and it is only at a few points that the grassy 
covering of the sloping talua marks a temporary relax- 
ation of the erosive action of the sea. The chalk 
cliffs are washed into caves in the projecting headland 
of Flamborough, where they are decomposed by the 
salt vapours, and slowly crumble away. But the waste 
is most rapid between that promontory and Spurn 
Point, or the coast of llolderness, as it is called, a 
tract consisting of beds of clay, gravel, sand, and chalk 
rubble. The irregular intermixture of the argillaceous 
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beds cauaes toEiny springs to be thrown out, and this 
ikcilitaCes the undermining' process, the waves beating 
against them, and a. strong current setting chiefly 
from the north. The wasteful action is very conspic- 
uous at Dimlingtoti Height, the loftiest point in 
HoldemesB, where the beacon stands on a cliff I46teet 
above high water, the whole being composed of cl>f, 
with pebbles scattered through it* 

In the old maps of Yorkshire, we find spots, d 
sand-banks in the sea, marked as the ancient siteiof 
the towns and villages of Auburn, Hartbum, and 
Hyde. " Of Hyde," says Pennant, " only the trt- 
dition is left; and near the village of Hornsea, a street 
called Hornsea Beck has long since been swalIowed.t' 
Owthorne and its church have also been in great pOl 
destroyed, and the village of Kilnsea ; but these place* 
are now removed farther inland. The rate of e 
croachment at Owthorne, at present, is about Jittt 
yard* a year.\ Not ynreasonable fears are entertained 
that at some future time the Spurn Point will becoBK 
an island, and that the ocean, entering into the eetuary 
of the Humber, will cause great devastation. § Pw- 
nant, aflcr speaking of the silting up of some ancieit 
ports in that estuary, observes, " But, in return, llie 
sea has made most ample reprisals ; the site, and even 
the very names of several places, once towns of note 
upon the Humber, are now only recorded in histoi^; 
and Ravensper was at one time a rival to Hull (Madwt, 
Ant. Exch. i., ¥Z'2.), and a port so very considerable In 

■ Fhillipf's Gealogy of Vorkshire, p. 61. 

t Arctic Zootogj, vol. i. p. 10. Tmraduetion. 

\ For this infomiHlion I am Endebled to Mr. PbUlipi, of Tort 

f, Pbillips's Geologji cf Yinkiliirc, p, GO. 



I 



th. VL] THE EAST COAST OF ENGLAND. 395 

13S2, that Edward Baliol and the confederated English 
Barons sailed frnm hence to invade Scotland ; and 
Henry IV., in 1399. made choice of this port to land 
at, to etfect the deposal of Richard II., yet the whole 
of this has long since been devoured by the merciless 
ocean: extensive sands, dry at low water, are to be 
seen in their stead."" 

Pennant describes Spurn Head as a promontory in 
the form of a sickle, and says the land, for some miles 
to the north, was " perpetually preyed on by the 
fury of the German Sea, which devours whole acres 
at a time, and exposes on the shores considerable 
quantities of beautiful amber."f 

According to Bergmann, a strip of land, with several < 
villages, was carried away near the mouth of the 
Uuiuber in 14^15. 

X,ina/lnskire.~~The maritime district of Lincolnsbire 
consists chiefly of lands that lie below the level of the 
sea, being protected by embankments. Great parts of 
this fenny tract were, at some unknown period, a 
woody country, but were aflerwards inundated, and 
are now again recovered firom the sea. Some of the 
Sena were embanked and drained by the Romans ; but 
after their departure the sea returned, and large tracts 
were covered with beds of silt containing marine shells, 
now again converted into productive lands. Many 
dreadful catastrophes are recorded by incursions of the 
sea, whereby several parishes have been at different 
times overwhelmed. 

Norfolk.— We come next to the cliffs of Norfolk 
and Suffolk, where the decay is in general incessant 
and rapid. At Hunstanton, on the north, the under- 

• Arct Zool, vol i. p. 13. InttoducvWn. ^ ^"oui- 




mining of the lower arenaceous beds at the foot of 
the cliff causes masses of red and irhite chalk to be 
precipitated from above. Between HuuGtanton and 
Weyboume, low hill^ or dunes, of blown sand, are 
formed along the shore, from fitly to sixty feet hi^ 
They are composed of dry sand, bound ia a compact 
mass by the long creeping roots of the plant called 
Marram (Arundo arenaria). Such is the present set 
of the tides, that the harbours of Clay, Wells, and 
other places, are securely defended by these barriers; 
affordiDg a clear proof that it is not the strength of 
the materia] at particular points that determinei 
whether the sea shall be progressive or stationaiy, 
but the general contour of the coast. 

The waves constantly undermine the low ch^ 
cliffi), covered with sand and clay, between Weyboone 
and Sherringham, a certain portion of them being 
annually removed. At the latter town I ascertained, 
in 1829, some facts which throw light on the rate at 
which the sea gains upon the land. It was computed, 
when the present inn was built, in 18U5, tbat it would 
require seventy years for the sea to reach the spot; 
the mean loss of land being calculated, from previolu 
observations, to be somewhat less than one yard an- 
nually. The distance between the house and the tea 
was fi^y yards ; but no allowance was made for the 
slope of the ground beingTrom the sea, in consequence 
of which, the waste was naturally accelerated every 
year, as the clitF grew lower, there being at ead< 
succeeding period less matter to remove when portions 
of equal area fell down. Between the years 182+ and 
1829, no less than seventeen yards were swept away, 
and only a small garden was then left between 
building and the Bca. T\\eiftAn«« &&«:^>!ct<fiv«<::^ 
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feet (sufficient to Hoat a frigate) at one point in the 
harbour of that port, where, only forty-eight years 
there stood a cliff tilly feet high, with houses 
npon it ! If once in half a century an equal amount 
of change were produced suddenly hy the momentary 
■hock of an earthquake, history would be filled with 
records of such wonderful revolutions of the earth's 
surface, but, if the conversion of high land into deep 
sea be gradual, it excites only local attention. The 
flag-staff of the Preventive St-rvice station, on the 
south side of this harbour, has, witliin the last fifteen 
years, been thrice removed inland, in consequence of 
the advance of the sea. 

Farther to the south we find cliffs, composed, like 
those of Holdemess before mentioned, of alternating 
strata of blue clay, gravel, loam, and fine sand. 
Although they sometimes exceed 200 feet in height, 
the havoc made on the coast is most formidable. The 
whole site of ancient Cromer now forms part of 
the German Ocean, the inhabitants having gradually 
retreated inland to their present situation, from whence 
the sea still threatens to dislodge them. In the winter 
of IB25, a fallen mass was precipitated from near the 
liglithouse, which covered twelve acres, extending for 
into the sea, the cliffs being 250 feet in height.* 
The undermining by springs has sometimes caused 
large portions of the upper part of the cliffs, with 
houses still standing upon them, to give way, so that 
it is impossible, by erecting breakwaters at the base 
of the cliffs, permanently to ward off the danger. 

On the same coast, the ancient villages of Shipden, 
Wimpwell, and Eccles, have disappeared; several 

• Taylor's Geology of East Norfolk, p. 32, 
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manors and large ponions of neighbouring pariBhw 
having, piece after piece, been swallowed up ; n 
there been any intermisfiion, from time immemoridj 
in the ntvages of the sea along a line of coast twene^ 
miles in length, in which ihcBe places stood.* HiBl 
of blown Ean<l, between Eccles and Winterton, haft 
barred up and excluded the tide for many hundred 
years from the mouths of several small estuaries ; M 
there are records of nine breaches from 20 to 130 
yards wide, having been made through thi^se, wherebjt 
immense dumage was done to the tow gromide in thC 
interior. A few miles south of Happisburgh, also, att 
hills of blown sand, which extend to Yarmouth ; lai 
these are supposed to protect the coast, but in Stt 
^eir formation proves that a temporary respite of thf 
incursions of the sea on this part is permitted by tMi 
present set of the tides and currents. Were it Otha>; 
wise, the land, as we have seen, would give vnj{< 
though made of solid rock. 

Silting up of Estuariet. — At Yarmouth, the sea hat : 
not advanced upon the sands in the slightest degref 
since the reign of Elizabeth. In the time of 
Saxons, a great estuary extended as far as Norwidlj 
which city is represented, even in the thirteenth aa4 
fourteenth centuries, as " situated on the banks of 
arm of the sea." The sands whereon Yarmouth is bulk 
first beeame firm and habitable ground about tlie yetf 
1008, from which time a line of dunes has gradually 
increased in height and breadth, stretching across tlM 
whole entrance of the ancient estuary, and obstructJng 
tlie ingress of the tides so completely, that they are 
only admitted by the narrow passage wliicb the rirer 
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keeps open, and which has gradually shifled several 
miles to the south. The ordinary tides at the river's 
mouth only rise, at present, to the height of three or 
fixir feet, the spring tides to about eight or nine. 

By the exclusion of the sea, thousands of acres in 
the interior have became cultivated lands; and, ex- 
clusive of smaller pools, upwards of sixty fresh-water 
lakes have been formed, varying in depth from fifteen 
to thirty feet, and in extent from one acre to twelve 
hundred". The Yare, and other rivers, frequently 
communicate with these sheets of water ; and time 
they are liable to be filled up gradually with lacustrine 
and fluviatile deposits, and to be converted into land 
covered with forests. When the sea at length returns 
(for as the whole coast gives way, this must inevitably 
happen sooner or later), these tracts will be again sub- 
merged, and submarine forests may then be found, hh 
along the margins of many estuaries.f 

Yarmouth does not project beyond the general line 
of coast which has been- rounded off by the predomi- 
nating current from the north-west. It must nut be 
imagined, therefore, that the acquisition of new land 
fit for cultivation in Norfolk, and Suffolk indicates any 
permanent growth of the eastern limits of our island, 
to compensate its reiterated tosses. No delta can form 
on such a shore. 

That great banks should be thrown across the es- 
tuary of the Yare, or any other estuary on our eastern 
coast, where there is not a large body of river- water to 
.n open channel, is perfectly intelligible, when 



■ Taylor's Geology of Erat Norfolk, p. 10. 

t For remarka on llie origin of Sulimariiie Forests, Bee Book 
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we bear in mind that the marine current, aweepiif : 
along our coast is charged with the materials of wail 
ing cliffB and ready to fomi a bar anywhere, the instant' 
its course is interrupted or checked by any opposing! 
stream. The mouth of the Yare has been, within 
last five centuries diverted about four miles to tW 
south ; 80 it is evident that at some remote period th* 
river Aide, entered the sea at Aldborough, until itt' 
ancient outlet was barred up and at length transferrotf 
to B point no less than ten miles distant to the soutbi^ 
west. In this case ridges of sand and shingle lilcv 
those of Lowestoff Ness, which will be described by» 
and-by, have been thrown up between the river anA 
the sea. 

It may be asked why our rivers on the east c«__ 
are always deflected southwards, although the tidd 
current flows alternately from the south and norCb}^ 
The cause is to be found in the superior force of whtf ■ 
is commonly called " the flood tide from the north," a 
tidal wave derived from the Atlantic, a small part of 
which passes eastward up the English Channel, : 
through the Slraita of Dover and tlien northward^ 
while the principal body of water, moving much more 
rapidly in a more open sea, first passes the Orkneys 
and then turning flows down between Norway i 
Scotland, and sweeps with great velocity along om 
eastern coast. It is well known that the highest tidca 
on this coast are occasioned by a powerful north-it 
wind which raises the eastern part of the Atlai 
causes it to pour a greater volume of water into the 1 
German ocean. This circumstance of a violent o^- I 
shore wind being attended with a rise of the waten, 
instead of a general retreat of the sea, naturally ex> 
cites the wonder of the inhabitants of our cooit. b 
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many districts they Look with confidence for a rich 
, harvest of that valuable manure, tlie sea-weed, when 
I tfae north-westerly gales prevail, and are rarely disap- 
pointed. The phenomenon is go well calculated to 
awaken curiosity, that 1 have heard the cause discussed 
by peasants and fishermen ; and more than once they 
bave hazarded a theory of their own to account for it. 
The most ingenious idea which I heard suggested was 
(his ; a. vast body of surface water, say they, is repelled 
by the' wind from the shore, which afterwards returns, 
m order to restore the level of the sea ; by this means 
a strong under-current is produced, which tears up the 
weed irom the bed of the sea, and casts it ashore. 

Com of Sufolk.~The cliffs of Suffolk, to which 
ire next proceed, are somewhat less elevated than those 
of Norfolk, but composed of similar accumulations of 
slternatiag clay, sand, and gravel. From Gorleston in 
Suffolk, to within a few miles north of Lowestoff, the 
cliffs are slowly undermined. Near the last-mentioned 
town, there is an inland cliff" about sixty feet- high, the 
talus being covered with turf and heath, between which 




Hap of LovKOnff Neis, Suffolk. 
a, a. Tbe dotted lines cipress a Beries of ridgea af land ud 

Bhingle, forming the extremity of the triangulu- space called 

the Ness. 
b,b,b. Thedailclinerepresents the inland clifF on which the town 

of Loweatoff stands, between which and the sea is the Ness. 
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I and the sea ia a low, flat tract of sand, called the Nesi 

nearly three miles long, and for the most pan out i 
jl reach of the highest tiUea. The point of tlie Neu 

'j projects from the base of the original diff to the di* 

I tance of 660 yards. This accession of land, say* Mr. 

Taylor, has been effected at distinct and distant iiitet> 
I vala, by the influence of currenta running between the 

land and a shoal about a mile off LowestofT, called the 
Holm Sand. The lines of growth in the Ness ar 
dicated by a series of concentric ridges or embankuentl 
inclosing limited areas, and several of these ridges havt 
been formed within the observation of persons oat 
living. A rampart of heavy materials is first throws 
up to an unusual altituile by some extraordinary tid^ 
attended with a violent gale. Subsequent tides extend 
the base of tliishigh bank of shingle, and the interslicei 
are then filled with sand blown from tlie beach. Tlift 
Arundo and other marine plants by degrees obtain | 
footing, and creeping along the ridge, give solidity tf 
the mass, and form In some cases a matted covering gf 
turf. Meanwhile another mound is forming externalljy 
which by the like process rises and gives protection (0 
the first. If the sea forces its way through one of tiifi 
external and incomplete mounds, the breach is soajf 
repaired. After a while the marine plants within tlfe 
areas inclosed by these embankments are succeedeii 
by a better species of herbage, aSbrding good pasturagsi 
and the sands become eufliciently firm to euppor(i 
buildings.* 

Destruction ofDuHtnich by f}ie Sea. — The sea undej^ 
mines the high cliffs near Gorton, a few miles Dorth if 

* The formalion of the Nesa is well descrElMid by Mr. B. C. 
Tsylor, Phil. Mag. Oct. iflBT. p. iiST. 
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LowestofT, as also two miles south of the same town, 
st Pakefield, a village which has been in part swept 
away during the present century. From thence to 
Dunwich the destruction is constant. At the distance 
of 250 yards from the wasting clifFat Pakefield, where 
we must suppose land to have existed at no remote 
period, the sea is sixteen feet deep at low water, aad 
in the roadstead beyond, twenty-four feet. Of the 
gradual destructiun of Dunwich, once the most consi- 
derable seaport on this coast, we have many authentic 
records. Gardner, in his history of that borough, pub- 
lished in 17Si, shows, by reference to documents 
beginning with Doomsday Book, that the cliffs at 
Dunwich, Southwold, Eastern, and Pakefield, have 
been always subject to wear away. At Dunwich, in 
particular, two tracts of land which had been taxed in 
the eleventh century, in the time of King Edward the 
Confessor, are mentioned, in the Conqueror's survey, 
made but a few years afterwards, as having been de- 
voured by the sea. The losses, at a subsequent period, 
of a monastery, — at another of several churches, — 
afterwards of the old port, — ^then of four hundred 
houses at once,^of the church of St. Leonard, the 
high road, town-hall, gaol, and many other buildings, 
are mentioned, with the dates when they perished. It 
is stated that, in the sixteenth century, not one quar- 
ter of the town was left standing ; yet the inhabitants 
retreating inland, the name was preserved, as has been 
the case with many other ports, when their ancient 
site has been blotted out. There is, however, a church, 
of considerable antiquity, still standing, the last of 
twelve mentioned in some records. In 1740, the laying 
open of the churchyard of St. Nicholas and St. Francis, 
in the sea-cliffs, is well described by Gardner, with 
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the coffins and skeletons exposed to view — iome lyi)^ 
on the beach, and rocked — 

" In cradle of tlie nide imperioun surge," 

Of these cemeteries no remains can now be seen. 
Ray also says, " that ancient writings make mention 
of a wood a mile and a half to the east of Dunwich, the 
site of which must at present be so far within the 
sea."" This city, once so flourishing and populoue, ii 
now a small village, with about twenty houses, and one 
hundred inhabitants. 

There is an old tradition, ■' that tlie tailors satin 
their shops at Dunwich, and saw the ships in Varraoudl 
Bay : " but when we consider how far the coast It 
Lowestoff Ness projects between these places, ws 
cannot give credit to the tale, which, nevertheleMi^ 
proves how much the inroads of the sea in limes rf 
old had prompted men of lively imagination to indulgl 
their taste for the marvellous. 

Gardner's description of the cemeteries laid open 
by the waves reminds us of the scene which hta be«« 
so well depicted by Bewickt, and of which numeroui' 
points on our coast might have suggested the ii~ 
On the verge of a ditf, which the sea has underminedi 
are represented the unshaken tower and western en4 
of an abbey. The eastern aisle is gone, and tha ' 
pillars of the cloister are soon to follow. The wavet' , 
have almost isolated the promontory, and invaded tbt' 
cemetery , where they have made sport with the mortd 
relics, and thrown up a skull upon the beach. In 
foreground is seen a broken tombstone, erected, u ill> 

■ ConHequencea of llie Deluge, Phys. Theol. DiacouTMi. 
f Hiilory ut' Britisli Birds >ol. ii. p. S'JO. Ed. 1B9I. 
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legend tells " to perpetuate the memory " of one whose 
name ie obliterated, as U that of the county for wliich 
he was " Gustos Rotulorum." A cormorant is perched 
on the monument, defiling it, as if to remind some 
moraliser, like Hamlet, of " the base uses" to which 
things sacred may be turned . Had this excellent artiat 
desired to satirise certain popular theories of geology, 
he might have inscribed the atone to the memory of 
some philosopher who taught " the permanency of 
existing continents" — " the era of repose" — "the 
impotence of modern causes," 

South of Dunwich are two cliifs, called Great and 
Little Cat Cliff. That whicli bears the name of Great 
has become the smallest of the two, and is only fifteen 
feet high, the more elevated portion of the hill having 
been carried away ; on the other hand, the Lesser Cat 
Cliff has gained in importance, for the sea has here 
been cutting deeper into a liill which slopes towards it. 
But at no distant period, the ancient names will again 
become appropriate, for at Great ClifF the base of 
another hill will soon be reached, and at Little Cat Cliff 
the sea will, at about the same time, arrive at a valley. 

The incursions of the sea at Aldborough were for- 
merly very destructive, and this borough is known to 
have been once situated a quarter of a mile east of 
the present shore. The inhabitants continued to build 
farther inland, till they arrived at the extremity of 
their property, and then the town decayed greatly ; 
but two sand banks, thrown up at a short distance, 
now afford a temporary safeguard lo the coast. Be- 
tween these banks and the present shore, where the 
current now flows, the sea is twenty-four feet deep 
on the spot where the town formerly stood. 

Continuing our survey of the Suffolk coast to the 
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southward, we find that the cliffs of Bawdsey and 
FelixCuw are foundering slowly, and that the point lU 
which Landguard Fort is built suffers gradual decay. 
It appears that, within the memory of persons noit 
living, the Orwell river continued its course in a more 
direct line to the sea, and entered to the north insiettd 
of the south of the low bank on which the fort last 
mentioned is built. 

Sssex. — Harwich, io Essex, stands on an »thiDi»i 
which will probably become an island in little more 
than half a century ; for the sea will then have made 
a breach near Lower Dover Court, should it continue to 
advii-ce as rapidly as it has done during the last fifty 
years. Within ten years, there was a considerable 
apace between the battery at Harwich, built twenty- 
three years ago, aud the sea ; part of the fortiScatica 
has already been swept away, and the rest overbuy 
■the water. Since the year 1807, a field called the 
Vicar's Field, which belonged to the hving of Hanridi. 
has been totally annihilated. • 

At Walton Naze, in the same county, tlie clife, 
composed of London clay, capped by the shell; 
sands of the crag, reach the height of about 100 
feet, and are annually undermined by the waves. 
The old churchyard of Walton has been washed away, 
and the cliffs to the south are continually disappear- 
ing. 

IsleofSheppey. — On the coast bounding the estuary 
of the Thames, there are numerous examples bolh rf 
the gain and loss of land. The Isle of Sheppey, which 
is now about six miles long by four in breadth, is com- 
posed of London clay. The cliffs on the north, whidi 

• On authorily of Dr. Mitchell, F.G.S. 
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are from sixty to eighty feet high, decay rapidly, fifty 
screa having been lost within the lust twenty yearg. 
The church at Minater, now near tlie coaat, is said to 
have been in the middle of the island tifly years ago * 
and it has been conjectured that, at the present rat' 
of destruction, the whole isle will be annihilated i) 
about half a century. On the coast of the mainland 
to the east of Sheppey stands the churuli of Reculver, 
upon a cliff connposed of clay and sand, about ti^enty 
ftet high. Heculver (llegulvium), was an important 
military station in the time ofthe Romans, and appearS) 
from Leland's account, to have been, so late as Henry 
VIII.'s reign, nearly one mile distant from the sea. 
In the " Gentleman's Magazine," there is a view of it 
about the middle of the last century, which still re- 
presents a considerable space as intervening between 
the north wall of the churchyard and the clitf.f Some 
time before the year 178(1, the waves had reached the 
site of the ancient Roman camp, or fortification, the 
walls of which had continued for several years after 
they were undermined to overhang the sea, being 
firmly cemented into one moss. They were eighty 
yards nearer the sea tlian the church, and they are 
spoken of in the " Topograpliica Brittanica" in the year 
1780, as having recently fallen down.f In 1804, part 
of the churchyard with some adjoining houses was 
washed away, and the ancient church, with its 
two lofty spires, a well known land mark, was dis- 
mantled and abandoned as a place of worship. It is 
still standing (183rf), but would probably have been 

• For this inforaifllion I am mrteljttd to W, Gunnel, Esq. 
+ Rev. W. Conybeatt's Uutlimw of Geology, &c. p. 32. 
t Dr. Mitcliell, ProcBodingi of Goal. Soc vol. U. No, 1. 
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annihilated ere this, had not the force of the wava 
been checked by an artificial causeway of stones and 
large wooden piles driven into the sands to break the 
force of the waves. * 

Isk of Thanet. — The Isle of Thanet was, in the 
time of the Romans, separated from the rest of Kent 
by a navigable channel through which the Roman 
fleets sailed on their way to and irom London. Bede 
deacribes this small estuary as being, in the beginniag 
of the eighth century, three furlongs in breadth ; and it 
is supposed that it began to grow shallow about the 
period of the Norman conquest. It was so fiir silted 
up in the year 1485, that an act was then obtained to 
build a bridge across it; and it has since become marsh 
land with small streams running through it. Bedlam 
Farm, belonging to the hospital of that name, has lost 
eight acres in the last twenty years, the land being 
chalk from forty to fifty feet above the level of tlieset. 
It has been computed, that the average waste of the 
cliff between the North Foreland and the Reculvers,a 
distance of about eleven miles, is not less than t"^ 
feet per annum. The chalk cliffs on the south of 
Thanet, between Kamsgate and Pegwell Bay, have 
on an average lost three feet per annum for the ten 
last years (preceding 1830). 

Goodwin Sands. — The Goodwin Sands lie opposite 
this part of the Kentish coast. They are about ten 
miles in lengtli, and are in some parts three, and in 
others seven miles distant from the shore, and, for* 
certain space, are laid bare at low water. That they 
are a remnant of land, and not " a mere accumulatioP 
of sea sand," as Rennell imagined -j-, may be presumed 

p^ of Geol. Soc. vol. ii. No. 1. 
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from the fact that, when the erection of a lij^hthouw 
on this shoal was in contemplation by the Trinity. 
Boiird in the year 1817| it was tbuiiJ, by borings, that 
the bank consisted of fifteen feet of sand, resting on blue 
clay. An obscure tradition has come down to ub, thai 
the estates of Earl Goodwin, tiie fatlier of Harold, who 
died in the year 1053, were situated Lere, and some 
have conjectured that they were overwhelmed by the 
1 mentioned in the Sa\on chronicle, «u6ait/to 10!^. 
The last remains of an island, consisting, like Sheppey, 
of clay,may, perhaps, have been carried away about that 

Coast of Kent. — In the county of Kent, there are 
other records of waste, as at Deal \ and at Dover, 
where Shakspeare's cliff, composed entirely of chalk, 

suffered greatly, and continually diminishes 
height, the slope of the hill being towards the land. 
About the year 1810 there was an immense land-slip 
from this cliff, by which Dover was shaken as if by an 
earthquake, and a still greater one in 177'i. * 

Straits of Dover. — In proceeding from the northern 
{>arts of the German Ocean towards the Straits of 
Dover, the water becomes gradually more shalli 
BO that in the distance of about two hundred leagues 
lass from a depth of 120, to that of 58, 38, 2+, an* 
1 8 fothoms. In the same manner the linglish Channel 
deepens progressively from Dover to its entrance, 
formed by the Land's End of England, and the 1 
Ushant on the Coast of France ; so that the strait 
between Dover and Calais may be said to part two 
Mas. f 



t Stevenson on the Bed of the Ger 
Jouni., No. V. p- 45. 
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Whether England was formerly united with France 
has often been a. favourite auhject of speculation ; and 
in 175S a society at Amiens proposed this as a subject 
of a prize essay, Tvhidi was gained by the celebrated 
Desrnarest, then a young man. He founded his prin- 
cipal arguments on the identity of composition of tht 
cliffs on the opposite sides of the Channel, 
marine chain extending from Boulogne to Folkestone, 
only fourteen feet under low water, and on the identity 1 
of the noxious animals in England and France, wl 
could not have swum across the Straits, and 
never have been introduced by man. He also at 
buted the rupture of the isthmus to the prepondc 
violence of the current from the norlli.* I 
hardly be disputed that the ocean might have 
a breach through the land which, in all probabili 
once united our country to the Continent 
manner as it now gradually forces a passage throuf^^ 
rocks of the same mineral composition, and often i 
hundred feet high, upon our coast. 

Although the time required for such t 
was probably very great, yet we cannot estimate it] 
reference to the present rate of waste on both 
of the Channel. For when, in the thirteenth cent 
the sea burst through the isthmus of Staveren, 
formerly united Friesland with North Holland, 
opened, in about one hundred years, a strait more 
than half as wide as that which divides England from 
France, afler which the dimensions of the new chaimd 
remained almost stationary. The greatest depth of 
the straits between Dover and Calais is twenty-ntnti 
fathoms, which only exceeds by one fathom tAA] 
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greateet depth of tlie Mississippi at New Orleans- 
moving column of water in the great American 
■, which, as was before mentioned, does not flow 
■Vapidly, can maintain an open passage to that depth in 
p its alluvial accumulations, &till more might a channel 
L of the same magnitude be excavated by the resiEtless 
Ibrce of the tides and currents of" the ocean stream, 



At Folkestone, the sea eats away the chalk and 
t strata. About tlie year 1716 there was a 
remarkable sinking of a tract of land near the sea, so 
t houses became visible at points near the shore 
□ whence they could not be seen previously. 
e description of this subsidence in the Philosophical 
uisactions, it is said, " that the land consisted of a 
olid stony mass (chalk), resting on wet clay (gault}, 
a that it slid forwards towards the sea, just as a ship 
s launched on tallowed planks." It is also stated that, 
' within the memory of persons then living, the cliff 
there had been washed away to the extent of 

jrods." 

Encroachments of tlie sea at Hythe are also on 
record; but between this point and Rye there has 
been a gain of land within the times of Iiistory ; the 
rich level tract called Ilomney Marsh, or Dungeness, 
about ten miles In width and five in breadth, and 
formed of silt, having received great accession. It has 
been necessary, however, to protect it from the sea, 
frcan the earliest periods, by a wall. Tliese additions 
of land are exactly opposite that part of the English 
Channel where the conflicting tide-waves from the 

■ Phil. Trans., 1716. 



north and south meet ; for, as that from the north Ii, 
for reasons already explained, the most poweri'ul, the; 
do not neutralise each other's force till they arrive at 
this distance from the stmits of Dover. Rye, on the 
south of this tract, was once destroyed by tJie sea, but 
it is now two miles distant from it. The neighbouring 
town of Winchelsea was destroyed in the reign nf 
Edward I., the month of tlie Rother stopped up. auil 
the river diverted into another channel. In its old bed 
an ancient vessel, apparently a Dutch merchantman, 
was recently found. It was built entirely of oak, and 
much blackened.* 

South Coast of England. — To pass over some points 
near Hastings, where the cliffs have wasted at severs! 
periods, we arrive at the promontory of Beachy Head. 
Here a mass of chalk, three hundred feet in length, 
and from seventy to eighty in breadth, fell, in the 
year 1813, with a tremendous crash ; and gimilar dipt 
have since been frequent, f 

Sussex. — About a mile to the west of the town j 
Newhaven the remains of an ancient intrenct 
are seen, on the brow of Castle Hill. ITiib t 
work, supposed to be Raman, was evidently c 
considerable extent and of an oval form, but I 
greater part has been cut away. Tlie cliffs, which ■ 
undermined here, are high ; more than one hui 
I'eet of chalk being covered by tertiary clay and si 
from sixty to seventy feet in thickness. In a I 
centuries the last vestiges of the plastic clay f 
ation on the southern borders of the chatk of i 
South Downs on this coast will be annihilatedi t 
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future geologists will learn, from historical tli 

2 ancient geographical boundaries of this group of 
strata in that direction. On the opposite side of the- 
estuary of the Ouse, on the east of Newhaven harbour, 
a bed of shingle, composed of chalk flints, derived 
from the waste of the adjoining cliffs, had accumulated 
t Seaford for several centuries. In the great storm 
of November, 182+, this bank was entirely swept 
away, and the town of Seaford inundated. Another; 
great beach of shingle is now forming from fresli^ 

ials. 

; whole coast of Sussex has been inceesantlyi 
encroached upon by the sea from time immemorial f 
and, although sudden inundations only, which ovei 
whelmed fertile or inhabited tracts are noticed i 
history, the records attest an extraorJuiary amount of 
During a period of no more than eighty yearst 
there are notices of about twenty inroads, in whichi 
tracts of land of from twenty to four hundred acres in' 
extent were overwlielmed at once ; the value of the 
tithes being mentioned by Nicholas, in his Taxatio: 
Ecclesiastica. • In the reign of Elizabeth, the towi^ 
of Brighton was situated on that tract where thb: 
chain pier now extends into the sea. In the year 
1665, twenty-two tenements had been destroyed 
under the cliff. At that period there still remained 
under the cliff 113 tenements, the whole of which 
were overwhelmed in 1703 and 1705. No traces d 
the ancient town are now perceptible, yet there i 
evidence that the sea has merely resumed its ancient 
position at the base of the cliffs, the site of the c 
town having been merely a beach abandoned by th^ 
ocean for ages. 

• MantelT, Geologj of Sustei, 

X 3 
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Hampshire— Igle of Wirjfd. — It would be endla 
to allude to all the lociilities on the Sussex i 
Hainpsliire coasts where the land has given w: 
but I may point out the relation which tlie geol(^ 
structure of tho Isle of Wight bears to its preM 
shape, as QtCesting that tbe const owes its outii 
to the continued action of tlie sea. Through t 
middle of the island runs a high ridge of chalk strs 
ill a vertical position, and in a direction east and wM 
This chalk forms the projecting promontory of Cull 
Cliff on the east, and of the Needles on the wa 
while Sandown Bay on the one aide, and Cotnpl 
Bay on the other, have been hollowed out of t 
softer sands and argillaceous strata, which are u 
to the chalk. 

The same phenomena are repeated in the Isle 
Purbeck, where the line of vertical chalk forms I 
projecting promontory of Handfast I'oint; and Svnni 
Bay marks the deep excavation made by the warn 
the softer strata, corresponding to those of S 
Bay. 

Hursl Castle BanJi. — The entrance of the Cb&n 
called the Solent is becoming broader by the wasM 
the cliffs in Colwell Bay ; it is crossed for more ti 
two thirds of its width by the shingle bank of Hi 
Castle, which is about seventy yards broad and tw( 
feel high, presenting an inclined plane to the ir. 
This singular bar consists of a bed of rounded c 
flints, resting on a submarine argillaceous base- 
flints and a few other pebbles, intermixed, are ei 
sively derived from the waste of Hordwetl, and m 
cliffs to the westward, where tertiary strata, capf 
with a covering of chalk flints, from five to fifty tk 
thick, are rapid\y unietmroei. 
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Storm of Nov. 18Si4. — In the great storm c 
November, 1824, this bank of shingle was moved, 
bodily fovworiis for forty yards towards the iiorth-^ 
east; and certain piles which served to mark the 
boundaries of two manors were found, after the storm,. . 
on the opposite side of the bar. At the same time 
many acres of pasture land were covered by shingle, 

I the farm of Westover, near Lymiiigton. 

Tlie cliffs between Hurst Shingle Bar and the 
mouth of the Stour and Avon are undermined < 
linually. Within the memory of persons now living 
it baa been necessary thrice to remove the coast-roaj 
farther inland. The tradition, therefore, is probably 
true, that the church of Hordwell was once 

middle of that parish, although now very neat 
the sea. The promontory of Christ Church Head, 
gives way slowly. It is the only point between 
Lymington and Poole Harbour, in Dorsetshire, wher 
any hard stony masses occur in the cliffs. Pive laye£» 
of large ferruginous concretions, somewhat like th© 

iptaria of the London clay, have occasioned a resigt- 

ice at this point, to which we may ascribe this head- 
land. Jn the mean time, the waves have cut deepljr 
into the soft sands and loam of Poole Bay; and, after 
severe frosts, great land-slips take place, which, by 

ees, become enlarged into narrow ravines, 
chines, as they are called, with vertical sides. One 
of these chines, near Boscomb, has been deepened 
twenty feet within a few years. At the head of eacb 
s is a spring, the waters of which have been 
chiefly instrumental in producing these narrow rai- 
cavations, which arc sometimes from one hundred to 
150 feet deep. 
Isle i^ Portland. — The peninsulas of Purbeck ontl 
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Portland are continually wasting away. In the lattefj 
the soft argillaceous substratum (Kimmeridge cla^ 
hastens the dilapidation of the superincumbent mall 
of limeBtone. ' 

In 1665 the cliffs adjoining the principal qnarria 
in Portland gave way to the extent of one hundred 
yards, and fell into tlie sea ; and in December, 1734, 1 
slide to the extent of 150 yards occurred on tlie esi 
side of the isle, t^ which several skeletons, buriet 
between slabs of stone, were discovered. But a mud 
more memorable occurrence of this nature, in 179^ 
occasioned probably by the undermining of the cliffll 
is thus described in Hutch ins's History of Dorsetshintl 
— " Early in the morning the road was observed H 
crac)< : this continued increasing, and before liN 
o'clock the ground had sunk several feet, and was in 
one continued motion, but attended with no othtf 
noise than what was occasioned by the separation d 
the roots and brambles, and now and then a falling 
rock. At night it seemed to stop a tittle, but eoofl 
moved again ; and before morning, the ground, Iraai 
the top of the cliff to the water-side, had sunk in somi 
places hfty feet perpendicular. The extent of ground 
that moved was about a mile and a quarter from norlti 
to south, and six hundred yards from east to west." ' 

Formation o/lfie Ck^l Baiih. — Portland is connected 
with the main land by the Chesil Bank, a ridge d 
shingle about seventeen miles in length, and, in mod 
places, nearly a quarter of a mile in breadth. Uri 
pebbles forming this immense barrier are chiefly d 
limestone; but there are many of quartz, jaspm^ 
diert, and other substances, all loosely thrown ta> 
gether. What is singular, they gradually diminish fg 
aize, from west to easx. — fecna 'ftve.i;ot\Sa.t\i eo.4 rf thi 
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bank to that which attaches to the main land. Tlie 
formation of this bar may probably be ascribed, like 
that of Hurst Citstle, to a meeting of tides, or to a 
great eddy between the jieninaula and the land. We 
have seen that slight obstructions in the course of the 
Ganges will cause, in the course of a man's life, islands 
JSany times larger than the whole of Portland, and 
■rhiub, in some cases, consist of a column of earth 
bore than oue hundred feet deep. In like manner we 
nay expect the slightest impediment in the course of 
Eftat tidal wave, which is sweeping away annually 
Barge tracts of our coast, to give rise to bunks of sand 
[^d shingle many miles in length, if the transported 
niaterials be intercepted in their way to those submarine 
receptacles whitlier they are borne by the current. 
The gradual diminution in the size of the gravel as 
!we proceed eastward might probably admit of explao- 
■ation, if the velocity of the tide or eddy at different 
BwinCs was ascertained; the rolled masses thrown up 
Being largest where the motion of the water is most 
Rjolent, or wliere they are deposited at the least 
Wstance from the rocks from which they were de- 
tached. The storm of ISS* burst over this bar 
with great fury, and the village of Chesilton, built 
upon the southern extremity of the bank, was over- 
whelmed, with many of the inhabitants.* The fun- 

* ThU same Btorm carried away part of the Breakwater, >t. 
FJymouth, and huge musses of rock were lifled from the boUom 
et the weather side, and rolled fairly lo Ihe lo|i of the pile. It 
■t/ai in the name month, nnil also during a spring-tide, that a great 
iood a mentioned on the coasts of England, in the year 1099. 
Florence of Wurcnter iiyi. ■• On the Iliird day of the nones cT 
Nov. 1099, tiie «ia came out upon the shore, and buried towns 
and men very many, and oxen and sheep innumerable," Also 
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damental rocks whereon the shtngle rests are found at 
the depth of a few yards only below the level of the 
sea. 

Dorsetshire — Deooiuhire — Corivwall. — At Lyme 
Regis, iu Dorsetshire, the " Church Cliffs," as they 
are called, consisting of lias about one hundred feet 
in height, have gradually fallen away, at the rate of 
one yard a year, since 1800.* The cliffs of Devon- 
ihirc and Cornwall, which are chiefly composed of 
hwd rocks, decay less rapidly. Near Penzance, in 
Cornwalli there is a projecting tongue of land, calleil 
the " Green," formed of granitic sand, from which more 
tlian thirty acres of pasture land have been gradually 
swept away in the course of the last two or three 
centuries. t It is also said that St. Michael's Mount, 
now an insular ruck, was formerly situated in a wood 
several miles from the sea ; and its old Cornish name, 
according to Carew, signifies the Hoare Rock in the 
Wood. Between the Mount and Newlyn there is 
seen under the sand black vegetable mould, full of 
hazel nuts, and the branches, leaves, roots, and trunks, 
of forest trees, all of indigenous species. This vege- 
table stratum has been traced seaward as far as the 
ebb permits, and seems to indicate some ancient 
estuary on that shore. 



the Saion Chronicle, already cited for the year 1099, " This year, 
efce nn St. Martin's mass daj, the I llh of Navemljre, Bprung up 
«o much or tlie sea flood, and so mjckle hanu did, as no tnsB 
minded that it ever afore did, and there was Uie ylk d«y a new 

• This (ground was measured by Dr. Carpenter of Lyme, in 
1 800, and again in 1839, aa I am informed by Miss Mary Anning 
of Lyme. 

t Boase, Tiaoi. Royal Geol. Sot. of Cornwall, vol. ii, p. 189. 
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Tradition of lass of land in Cornwall. — The oldest 
)torians mention a celebrated tradition in Cornwall, 
of the submersion of the Lionnesse, a country which 
formerly stretched from the Land's End to the Scilly 
Islands. The tract, if it existed, must have b 
thirty miles in length, and perhaps ten ia breadth, 
land now remaining on either side is from two 
hundred to three hundred feet high ; the intervening 
sea about three hundred feet deep. Although there i« 
evidence for this romantic tale, it probably origin- 
ated in some catastrophe occasioned by former inroads 
of the Atlantic upon this exposed coasL* 

West coast of England. — Having now laid before 
the reader an ample body of proofs of the destructive 
operations of tides and currents on our eastern and 
southern shores, it will be unnecessary to enter into 
details of changes on the western coast, for they 
present merely a repetition of the same phenomena, 
and in general on an inferior scale. On the borders 
of the estuary of the Severn the flats of Somerset- 
shire and Gloucestershire have received enormouB 
accessions, while, on the other hand, submarine 
forests on the coast of Cheshire and Lancashire indi- 
cate the overflowing of alluvial tracts. Since the 
year \16^, the coast of Cheshire between the river* 
Mersey and Dee has lost many hundred yards, and 
some affirm more than half a mile, by the advance of 
the sea upon abrupt cliffs of red day and marls. 
Within the period above mentioned several light-houses 
have been successively abandoned, f There are tra- 

• Boase, Trana. Royal Geol. Soc, of Cornwall, vol. ii. i 

t Stevenson, Jwneson's Ed. new I'hil. Journ. No. 8. p. SSGi 
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ditions in Pembrokeshire ' anil Cardigrinshiref of fur 
greater losses of territory than that which the Lion- 
nesse tale of Cornwall pretends to com memo rate. 
They are all important, as demonstrating thai the 
earliest inhabitants were familiar with thi; phenomenon 
of incursions of the sea. 

Lots of laiid on t/ie eooit of Frattce. — The Frencli 
coast, particularly that of Brittany, where the tides 
rise to an extraordinary height, is the constant prey 
of the waves. In the ninth century many villages and 
woods are reported to have been carried away, the 
coast undergoing great change whereby the hill of 
St. Michael was detached from the mainland. The 
parish of Bourgneuf, and seFeral others in that neigh- 
bourhood, were overflowed in the year 1.500. In 173,5. 
during a great storm, the ruins of Paine! were seen 
uncovered in the sea.J A romantic tradition, more- 
over, has descended from the fabulous ages of the- de- 
struction of the south-western part of Brittany, whence 
we may probably infer some great inroad of the s 
at a remote period. § 



* Camden, who cites GjralduB, 
Phy». Thpol. p. 2SB. 
t Meyrick'a Cardigan. 
J Hoer, Ceschiclite. gic. vol. i. p 



o lUv, " On llie 



% Ibid. p. 48. 
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